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Several  alterations  and  additions  are  made  in  this  Edition,  be- 
sides what  have  been  introduced  into  the  Third,  to  bring  it  up 
to  the  actual  state  of  astronomical  discovery.  The  elements  of 
four  new  planets  (Parthenope,  Egeria,  Victoria,  and  Irene)  have 
been  added,  and  improved  elements  of  Iris^  Metis,  Hebe,  and 
Hjgeia,  substituted  for  the  provisional  elements  before  given. 
The  remarkable  discovery  of  an  additional  ring  of  Saturn,  and 
the  curious  researches  of  M.  Peters  on  the  proper  motion  of 
Sirius,  with  several  minor  features,  are  noticed.  Where  such 
additions  are  introduced  in  the  text,  they  are  indicated  by  being 
enclosed  in  brackets  [    ]. 
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The  work  here  offered  to  the  Public  is  based  upon  and  may  be 
considered  as  an  extension,  and,  it  is  hoped,  an  improvement  of 
a  treatise  on  the  same  subject,  forming  Part  48,  of  the  Cabinet 
OyclopsBdia,  published  in  the  year  1833.  Its  object  and  general 
character  are  sufficiently  stated  in  the  introductory  chapter  of 
that  volume,  here  reprinted  with  little  alteration ;  but  an  oppor- 
tunity having  been  afforded  me  by  the  Proprietors,  preparatory 
to  its  re-appearance  in  a  form  of  more  pretension,  I  have  gladly 
availed  myself  of  it,  not  only  to  correct  some  errors  which,  to 
my  regret,  subsisted  in  the  former  volume,  but  to  remodel  it  alto- 
gether (though  in  complete  accordance  with  its  original  design  as 
a  fvark  of  explanation);  to  introduce  much  new  matter  in  the 
earlier  portions  of  it ;  to  re-write,  ppon  a  far  more  matured  and 
comprehensive  plan,  the  part  relating  to  the  lunar  and  planetary 
perturbations,  and  to  bring  the  'subjects  of  sidereal  and  nebular 
astronomy  to  the  level  of  the  present  state  of  our  knowledge  in 
those  departments. 

The  chief  novelty  in  the  volume,  as  it  now  stands,  will  be  found 
in  the  manner  in  which  the  subject  of  Perturbations  is  treated. 
It  is  not  —  it  cannot  be  made  elementary y  in  the  sense  in  which 
that  word  is  understood  in  these  days  of  light  reading.  The 
chapters  devoted  to  it  must,  therefore,  be  considered  as  addressed 
to  a  class  of  readers  in  possession  of  somewhat  more  mathematical 
knowledge  than  those  who  will  find  the  rest  of  the  work  readily 
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■  acccBaible ;   to  readers  desirous  of  preparing  tbem- 
the  possession  of  a  sort  of  carte  da  pays,  for  a  cam- 
be  most  difficult,  but  at  the  same  time  the  most  attract- 
e  most  remunerative  of  all  the  applications  of  modern 

More  cspeciullj  they  may  be  considered  as  addressed 
3  in  that  nniversity,  where  the  "Principia"  of  Newton 

■  ever  will  be,  put  aside  as  an  obsolete  book,  behind  the 
where  the  grand,  though  rude  outlines  of  the  lun&r 

(  delivered  in  the  eleventh  section  of  that  immortal 
studied  less  for  the  sake  of  the  theory  itself  than  for 
of  far-reaching  thought,  superior  to  and  disencumbered 
al  aids,  which  distinguishes  that  beyond  any  other  pro- 

■  the  human  intellect. 

rering  a  rational  as  distinguished  from  a  technical  expo- 
:hi9  subject,  however,  the  course  pursued  by  Newton  to 
■n  of  the  Principia  alluded  to,  has  by  no  means  been 
bllowed.     As  regards  the  perturbations  of  the  nodes 
lations,  Indeed,  nothing  equally  luminous  can  ever  be 
d  for  hia  explanation.     But  as  respects  the  other  dia- 

PBEVAOS.  IX 

a^^ps  (for  ^^'8obj|ject)  of  the  most  elemQi^^^  diATF^cter,  tp  thp 
general  fonD^l^  for  th^s^  p^pturb^^q^  deUy^red  bj  JUaplacp 
Ui  the  Me<»jaiqw  Cekat^,' 

The  reader  will  find  one  class  of  tbe  lunar  ai^d  planetary  in- 
equalities haadled  in  i^  very  different  mauner  frx)m  tbat  ii^  whicb 
tbeir  explanation  U  usually  presented.  It  comprehends  those 
which  are  characterized  ^s  incident  on  the  epoch^  the  principal 
among  them  beipg  the  annual  and  secular  equ^tipns  of  the  moon, 
and  that  very  delicate  and  obscure  part  of  the  perturbational 
theory  (so  little  satisfactpry  in  the  manner  in  which  it  emerges 
from  the  analytical  treatment  of  the  subject),  the  constant  or 
permanent  effect  of  the  disturbing  force  in  altering  the  disturbed 
orbit*  X  w^l  y^nt^e  to  hope  that  what  is  here  stated  will  tend 
to  remove  soihe  rather  generally  diffused  misapprehensions  as 
to  the  true  bearings  of  Newton's  expli^atipn  of  the  annual 
equation.^ 

If  proof  were  wanted  of  the  inexhaustible  fertility  of  astro- 
nomical science  in  points  of  novelty  and  interest,  it  would  suffice 
to  adduce  the  addition  to  the  list  of  members  of  our  system  of 
no  less  than  eight  new  planets  and  satellites  during  the  prepara- 
tion of  these  sheets  for  the  press.  Among  them  is  one  whose 
discovery  must  ever  be  regarded  as  one  of  the  noblest  triumphs 
of  theory.  In  the  account  here  given  of  this  discovery,  I  trust 
to  have  expressed  myself  with  complete  impartiality ;  and  in  the 
exposition  of  the  perturbative  action  on  Uranus,  by  which  the 
existence  and  situation  of  the  disturbing  planet  became  revealed 
to  us,  I  have  endeavoured,  in  pursuance  of  the  general  plan  of 
this  work,  rather  to  exhibit  a  rationsil  view  of  the  dynamical 
action,  than  to  convey  the  slightest  idea  of  the  conduct  of  those 
masterpieces  of  analytical  skill  which  the  researches  of  Messrs. 
Leverrier  and  Adams  exhibit. 

To  the  latter  of  these  eminent  geometers,  as  well  as  to  my 
excellent  and  esteemed  friend  the  Astronomer  Royal,  I  have  to 

*  LiTre  ii.  chap.  yiii.  art.  67. 

*  PrincipU,  Ub.  i.  prop.  66,  oor.  6. 
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1/  beat  tlianka  for  communications  which  would   hsTC 
■  relieyed  some  doubts  I  at  one  period  entertained,  liad 
needed  in  the  interim  in  getting  clear  of  them,  as  to  the 
Uty  of  my  views  on  the  subject  of  the  annual  equation 
luded  to,  with  the  tenor  of  Newton's  account  of  it.    To 
1  friend.  Professor  De  Jlorgan,  I  am  indebted  for  some 
niona  suggestions  on  the  subject  of  the  mistakes  com- 
the  early  working  of  the  Julian  reformation  of  the 
of  which  I  should  have  availed  myself,  had  it  not  ap- 
eferable,  on  mature  consideration,  to  present  the  sab- 
;s  simplest  form,  avoiding  altogether  entering  into  mi- 
chronological  discussion. 

J.  F.  W.  Hbhschbl. 

irood,  April  12,  1849. 
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INTRODUCTION. 


(1.)  EviBT  student  wlio  enters  upon  a  scientific  pursuit,  especially  if 
at  a  somewhat  advanoed  period  of  lifei  wiQ  find  nol  only  that  he  has 
much  to  learn,  but  much  also  to  unlearn.  Familiar  objects  and  events 
are  hi  from  presenting  themselves  to  our  senses  in  that  aspect  and  with 
those  connections  under. which  science  requires  them  to  be  yiewed,  and 
which  constitute  their  rational  explanation.  There  is,  therefore,  every 
reason  to  expect  that  those  objects  and  relati<H)s  which,  taken  together, 
constitute  the  subject  he  is  about  to  enter  upon  will  have  been  previously 
apprehended  by  him,  at  least  imperfeetiy,  because  much  has  hitherto 
escaped  his  notice  which  is  essential  to  it$  right  understanding:  and  not 
only  so,  but  too  often  also  erroneously,  owing  to  mistaken  analogies,  and 
the  general  prevalence  of  vulgar  errors.  As  a  first  preparation,  therefore, 
for  the  course  he  is  about  to  commence,  he  must  loosen  his  hold  on  all 
crude  and  hastily  adopted  notions,  and  must  strengthen  himself,  by  some- 
thing of  an  effort  and  a  resolve,  for  the  unprejudiced  admission  of  any 
conclusion  which  shall  appear  to  be  supported  by  careful  observation  and 
logical  argument,  even  should  it  prove  of  a  nature  adverse  to  notions  he 
may  have  previously  formed  for  himself,  or  taken  up^  without  examina- 
tion, on  the  credit  of  others.  Such  an  eSori  is,  in  fiie^  a  commencement 
of  that  intellectual  discipline  which  forms  one  of  the  most  important  ends 
of  all  science.  It  is  the  first  movement  of  approach  towards  that  state  of 
mental  purity  which  alone  can  fit  us  for  a  full  and  steady  perception  of 
moral  beauty  as  well  as  physical  adaptation.  It  is  the  ^  euphrasy  and 
rue"  with  which  we  must  <<  purge  our  sight"  before  we  can  receive  and 
contemplate  as  they  are  the  lineaments  of  truth  and  nature. 
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(2.)  There  is  no  science  which,  more  than  astronomy,  stands  in  need 
of  such  a  preparation,  or  draws  more  largely  on  that  intellectual  liberality 
which  is  ready  to  adopt  whatever  is  demonstrated,  or  concede  whatever  is 
rendered  highly  probbble,  however  new  and  uncommon  the  points  of  view 
may  be  in  which  objecta  the  most  familiar  may  thereby  become  placed. 
Almost  all  its  conclunons  stand  in  open  and  striking  contradiction  with 
those  of  superficial  and  vulgar  observadon,  and  with  what  appears  to 
every  one,  until  he  has  understood  and  weighed  the  proofs  to  the  con- 
trary, the  most  positive  evidence  of  his  senses.  Thus,  the  earth  on  which 
he  stands,  and  which  has  served  for  ages  as  the  unshaken  foundation  of 
the  firmest  structures,  either  of  art  or  nature,  is  divested  by  the  astro- 
nomer of  its  attribute  of  fixity,  and  conceived  by  him  as  turning  swiftly 
on  its  centre,  and  at  the  same  time  moving  onwards  through  space  with 
great  rapidity.  The  sun  and  the  moon,  which  appear  to  untaught  eyes 
round  bodies  of  no  very  considerable  size,  become  enlarged  in  his  imagi- 
nation into  vast  globes,  —  the  one  approaching  in  magnitude  to  the  earth 
itself,  the  other  immensely  surpassing  it  The  planets,  which  appear 
only  as  stars  somewhat  brighter  than  the  rest,  are  to  him  spacious,  elabo- 
rate, and  habitable  worlds;  several  of  them  much  greater  and  far  more 
curiously  furnished  than  the  earth  ho  inhabits,  as  there  are  also  others 
less  so ;  and  the  stars  themselves,  properly  so  called,  which  to  ordinary 
apprehension  present  only  lucid  sparks  or  brilliant  atoms,  are  to  him  suns 
of  various  and  transcendent  glory  —  effulgent  centres  of  life  and  light  to 
myriads  of  unseen  worlds.  So  that  when,  after  dilating  his  thoughts  to 
comprehend  the  grandeur  of  those  ideas  his  calculations  have  called  up, 
and  exhausting  his  imagination  and  the  powers  of  his  language  to  devise 
similes  and  metaphors  illastrative  of  the  immensity  of  the  scale  on  which 
liis  universe  is  constructed,  he  shrinks  back  to  his  native  sphere ;  he  finds 
it,  in  comparison,  a  mere  point;  so  lost — even  in  the  minute  system  to 
which  it  belongs  —  as  to  be  invisible  and  unsuspected  from  some  of  its 
principal  and  remoter  members. 

(3.)  There  is  hardly  any  thing  which  sets  in  a  stronger  light  the  inhe- 
rent power  of  truth  over  the  mind  of  man,  when  opp\)sed  by  no  motives 
of  interest  or  passion,  than  the  perfect  readiness  with  which  all  these  con- 
clusions are  assented  to  as  soon  as  their  evidence  is  clearly  apprehended, 
and  the  tenacious  hold  they  acquire  over  our  belief  when  once  admitted. 
In  the  conduct,  therefore,  of  this  volume,  I  shall  take  it  for  granted  that 
the  reader  is  more  desirous  to  leirn  the  system  which  it  is  its  object  to 
teach  as  it  now  stands,  than  to  raise  or  revive  objections  against  it ;  and 
that,  in  short,  he  comes  to  the  task  with  a  willing  mind ;  an  assumption 
which  will  not  only  save  the  trouble  of  piling  argument  on  argument  to 
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MtiTiDCQ  the  scepilol,  but  will  greatly  facilitate  bis  nctual  progress;  inne- 
mach  as  be  will  find  it  at  once  easier  and  laoro  satisfictory  to  pnrsac  from 
the  outset  a  straight  and  definite  path,  than  to  be  constaDtij  stepping 
aside,  iDTolving  himself  ia  perplexities  and  circoits,  which,  ai^r  all,  ean 
011I7  terminate  in  finding  himself  compelled  to  adopt  the  same  road. 

(4.)  The  method,  therefore,  we  propose  to  follow  in  this  work  is  neither 
strictly  the  analytic  nor  the  synthetic,  bnt  rather  soch  a  combination  of 
both,  With  a  leaning  to  the  latter,  as  may  best  smt  with  a  didactic  com- 
position. Its  object  is  not  to  convince  or  refute  opponents,  nor  to  inquire, 
under  the  semblance  of  an  assumed  ignorance,  for  prindples  of  which  we 
are  all  the  time  in  full  possession  —  but  simply  to  teach  what  is  tmown. 
The  moderate  limit  of  a  single  volnme,  to  which  it  will  be  confined,  and 
the  necemity  of  being  on  every  pmnt,  within  that  limit^  rather  diffaae  and 
copious  in  explanatioii,  as  well  as  the  eminently  matured  and  ascertained 
ebaraeter  of  the  science  itself,  render  this  coarse  both  practicable  and 
eligible.  Practicable,  because  there  is  now  no  danger  of  any  revolution 
in  astronomy,  like  those  which  are  duly  changing  the  features  of  the  less 
advanced  sciences,  snperrening,  to  destroy  all  onr  hypotheses,  and  throw 
onr  statements  into  confusion.  Eli^ble,  because  the  space  to  be  bestowed, 
either  in  combating  refhted  systems,  or  in  leading  the  reader  forward  by 
slow  and  measured  steps  from  the  known  to  the  unknown,  may  be  more 
advantageously  devoted  tp  such  explanatory  illustrations  as  will  impress 
on  him  a  familiar  and,  as  it  were,  a  practical  sense  of  the  sequence  of 
phenomena,  and  the  manner  in  which  they  are  prodnced.  We  shall  not, 
then,  reject  the  analytic  course  where  it  leads  more  easily  and  directly  to 
our  objects,  or  in  any  way  fetter  ourselves  by  a  rigid  adherence  to  method. 
Writing  only  to  be  understood,  and  to  communicate  as  much  rnformation  ' 
in  OS  little  spsce  ss  possible,  connsCently  with  its  diitimel  and  effectual 
communication,  no  sacrifice  can  be  afforded  to  system,  to  form,  or  lo 
affectation. 

(5.)  We  shall  take  for  granted,  from  the  ontaet,  the  Copemican  system 
of  the  world;  relying  on  the  easy,  obvious,  and  natural  explanation  it 
affords  of  all  the  phenomena  as  they  come  to  be  described,  to  impress  the 
student  with  a  sense  of  its  truth,  without  either  the  formality  of  demon- 
stration or  the  sapeifiaons  tedinm  of  enlogy,  calling  to  mind  that  impor- 
tant remark  of  Bacon:  —  "Theoriaram  vires,  arclft  et  qnan  se  mutuo 
Bustinenle  partium  adaptatione,  qo&  quasi  in  orbem  cohsarent,  firmantur';^" 

■  "  Ths  codfirpiuioa  of  ihsniM  reBc*  on  ilw  oompact  idapMtioa  oT  iheiT  pan*,  b; 
which,  tika  ihoN  of  an  arch  or  dome,  thsf  muiiuilf  aoMain  eaeh  other,  and  Ibtai  a 
cohFreni  vhola."  TbU  ii  whil  Dr.  Whewell  aipmnrgtr  term  Iba  ciuilitmtt  af 
ladnciioDB, 
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not  failing,  howeveri  to  point  out  to  the  reader,  as  oooa^ion  ofiers,  the 
contrast  which  its  sapcrior  simplicitj  offers  to  tho  complication  of  other 
hjfiotheses. 

(6.)  The  preliminary  knowledge  which  it  is  desirable  that  the  student 
should  possess,  in  order  for  the  more  advantageous  perusal  of  the  following 
pages,  consists  in  the  familiar  practice  of  decidual  and  sexagesimal  arith- 
metic; some  moderate  acquaintance  with  geometry  and  trigonometry, 
both  plane  tflxd  spherical,  the  elementary  principles  of  mechanics;  «nd 
enough  of  optics  to  understand  the  construction  and  use  of  the  telescope, 
and  some  other  of  the  simpler  instruments.  Of  course,  the  more  of  such 
knowledge  he  brings  to  the  perusal,  the  easier  will  be  his  progress,  and 
the  more  complete  the  information  gained ;  but  we  shall  endeavour  in 
every  case,  as  far  as  it  can  be  done  without  a  sacrifice  of  clearness,  and  of 
that  useful  brevity  which  consists  in  the  absence  of  prolixity  and  eiM- 
sode,  to  render  what  we  have  to  say  as  independent  of  other  books  as 
possible. 

(7.)  After  all,  I  must  distinctly  caution  such  of  my  readers  as  may 
commence  and  termixiate  their  astronomical  studies  with  the  present  work 
(though  of  such, — at  least  in  the  latter  predicament, — I  trust  the  num- 
ber will  be  few),  that  its  utmost  prelension  is  to  place  them  on  the 
threshold  of  this  particular  wing  of  the  temple  of  Science,  or  rather  on 
an  eminence  exterior  to  it,  whence  they  may  obtain  something  like  a 
general  notion  of  its  structure ;  or,  at  most,  to  give  those  who  may  wish 
to  enter  a  ground-plan  of  its  accesses,  and  put  them  in  possession  of  the 
pass-word.  Admission  to  its  sanctuary,  and  to  the  privileges  and  feelings 
of  a  votary,  is  only  to  be  gained  by  one  means,  —  sound  and  tuffident 
knowledge  of  mathenuUicSy  the  great  instrument  of  all  exact  inquiry, 
without  which  no  man  can  ever  make  such  advances  in  this  or  any  other 
of  the  higher  department  of  science  as  can  entitle  him  to  form  an  inde^ 
pendent  opinion  on  any  subject  of  discussion  within  their  range*  It  is 
not  without  an  effort  that  those  who  possess  this  knowledge  can  commu- 
nicate on  such  subjects  with  those  who  do  not,  and  adapt  their  language 
and  their  illustrations  to  the  necessities  of  such  an  intercourse.  Proposi- 
tions which  to  the  one  are  almost  identical,  are  theorems  of  import  and 
difficulty  to  the  other ;  nor  is  their  evidence  presented  in  the  same  way  to 
the  mind  of  each.  In  teaching  such  propositions,  und^r  such  circum- 
stances, the  appeal  has  to  be  made,  not  to  the  pure  and  abstract  reason, 
but  to  the  sense  of  analogy  —  to  practice  and  experience :  principles  and 
modes  of  action  have  to  be  established  not  by  direct  argument  from 
acknowledged  axioms,  but  by  continually  recurring  to  the  sources  from 
which  the  axioms  themselves  have  been  drawn ;  viz.  examples ;  that  is  to 
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mj,  b;  bringing  forwaH  and  direlliag  on  Eitnple  and  fiimilisr  insUnceg  in 
which  the  same  principles  and  tbe  game  or  Bimilu  modes  of  action  take 
place :  thus  erecting,  as  it  were,  in  each  particnlar  case,  a  separate  induo- 
tioD,  and  constrneting  at  each  step  a  little  body  of  science  to  meet  iti 
ezigenciea.  The  difference  is  that  of  pioneering  a  road  tbrongh  an  nn- 
traversed  coantry  and  advanfeng  at  ease  along  a  broad  aad  beaten  high- 
way; that  is  to  say,  if  we  are  determined  to  make  onrselvea  distinctly 
understood,  and  will  appeal  to  reason  at  all.  As  fbr  the  method  of  awer- 
litm,  or  a  direct  demand  on  tbe  faith  of  tbo  student  (thongh  in  some  com- 
plex cases  indispensable,  where  illnstraiive  explanation  would  defeat  its 
own  end  by  becoming  tedions  and  bnrdensome  to  both  parties),  it  is  one 
which  I  shall  neither  willingly  adopt  nor  would  recommend  to  others. 

(8.)  On  tbe  other  hand,  although  it  is  something  new  to  abandon  the 
road  of  mathematical  demonstration  in  tbe  treatment  of  subjects  snscepti- 
ble  of  it,  and  to  teach  any  considerable  branch  of  sdcnce  entirely  or  chiefly 
by  the  way  of  illustration  and  familiar  parallels,  it  is  yet  not  impossible 
that  those  who  are  already  well  acqaaintcd  with  ottr  subject,  and  whose 
knowledge  has  been  aeqoired  by  that  confessedly  higher  practice  which  ia 
incompatible  with  the  avowed  objects  of  the  present  work,  may  yet  find  their 
account  in  its  penisal,  —  for  this  niason,  that  it  is  always  of  advantage  to 
present  any  given  body  of  knowledge  to  the  mind  in  as  great  a  variety  of 
different  lights  as  possible.  It  is  a  property  of  iJlostrationB  of  this  kind 
to  strike  no  two  minds  in  tbe 'same  manner,  or  with  the  same  force; 
because  no  two  minds  are  stored  with  the  same  images,  or  have  acquired 
their  notions  of  them  by  siroilar  habits.  Accordingly,  it  may  very  well 
happen,  that  a  proposition,  even  to  one  best  acquainted  with  it,  may  be 
placed  not  merely  in  a  new  and  uncommon,  but  in  a  more  impressive  and 
satisfactory  light  by  sncfa  a  conrm — some  obscurify  may  be  dissipated, 
some  inward  misgivings  clenred  up,  or  even  some  links  supplied  which 
may  lead  to  the  perception  of  connections  and  deduotionB  altogether 
unknown  before.  And  the  probability  of  this  n  increased  when,  as  in 
tbe  present  instanoe,  the  illnstrations  chosen  have  not  been  studiously 
selected  from  books,  bot  are  such  as  have  presented  themselves  freely  to 
tbe  author's  mind  aa  being  most  in  harmony  with  his  own  views;  by 
which,  lA  oonrse,  he  means  to  lay  no  claim  to  originality  in  all  or  any  of 
them  beyond  what  they  may  reaUy  possess. 

(9.)  Besides,  there  are  cnaes  in  the  application  of  mechanical  principles 
with  which  tbe  mathematical  student  is  but  too  &miliar,  where,  when  tho 
data  are  before  him,  and  the  numerical  and  geometrical  relations  of  his 
problems  all  clear  to  his  conception, — when  his  forocs  are  estimated  and 
his  linea  meaeared,  —  any,  when  even  he  has  fbllowed  ap  tbe  applicatioft 
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of  his  tecbnidd  processes,  and  fairly  arrived  at  his  conclusion,  —  there  is 
still  something  wanting'  in  his  mind  ^*  not  in  the  evidence,  for  he  has 
examined  each  link,  and  finds  the  chain  complete  —  not  in  the  principles, 
for  those  he  well  knows  are  too  firmly  established  to  be  shakeii  —  but  pre- 
cisely in  the  mode  of  action.  He  has  followed  out  a  train  of  reasoning 
by  logical  and  technical  rules,  but  the  sigfts  he  has  employed  are  not 
pictures  of  nature,  or  have  lost  their  original  meaning  as  such  to  his 
mind :  he  has  not  seen,  as  it  were,  the  process  of  nature  passing  under 
his  eye  in  an  instant  of  time,  and  presented  as  a  consecutive  whole  to  his 
imagination.  A  familiar  parallel,  or  an  illustration  drawn  from  some 
artificial  or  natural  process,  of  which  he  has  that  direct  and  individual 
impression  which  gives  it  a  reality  and  associates  it  with  a  name,  will,  in 
almost  every  such  case,  supply  in  a  moment  this  deficient  feature,  will 
oonvert  all  his  symbols  into  real  pictures,  and  infuse  an  animated  meaning 
into  what  was  before  a  lifeless  succession  of  words  and  signs.  I  cannot, 
indeed,  always  promise  myself  to  attain  this  degree  of  vividness  of  illus- 
tration, nor  are  the  points  to  be  elucidated  themselves  always  capable  of 
being  so  paraphrased  (if  I  may  use  the  expression)  by  any  single  in- 
stance adducible  in  the  ordinary  course  of  experience ;  but  the  object  will 
at  least  be  kept  in  view;  and,  as  I  am  very  conscious  of  having,  in  making 
such  attempts,  gained  for  myself  much  dearer  views  of  several  of  the 
more  concealed  effects  of  planetary  perturbation  than  I  had  acquired  by 
their  mathematical  investigation  in  detail,  it  may  reasonably  be  hoped 
that  the  endeavour  will  not  always  be  unattended  with  a  similar  success 
in  others. 

(10.)  From  what  has  been  said;  it  will  be  evident  that  our  aim  is  not 
to  offer  to  the  public  a  technical  treatise,  in  which  the  student  of  practical 
or  theoretical  astronomy  shall  find  consigned  the  minute  description  of 
methods  of  observation,  or  the  formulae  he  requires  prepared  to  his  hand, 
or  their  demonstrations  drawn  out  in  detail.  In  all  these  the  present 
work  will  be  found  meagre,  and  quite  inadequate  to  his  wants.  Its  aim 
m  entirely  different;  being  to  present  in  each  case  the  mere  ultimate 
rationale  of  facts,  arguments,  and  processes ;  and,  in  all  cases  of  mathe- 
matical application,  avoiding  whatever  would  tend  to  encumber  its  pages 
with  algebraic  or  geometrical  symbols,  to  place  under  his  inspection  that 
central  thread,  of  common  sense  on  which  the  pearls  of  analytical  research 
are  invariably  strung;  but  which,  by  the  attention  the  latter  claim  for 
themselves,  is  often  concealed  from  the  eye  of  the  gazer,  and  not  always 
disposed  in  the  straightcst  and  most  convenient  form  to  follow  by  those 
who  string  them.  This  is  no  fault  of  those  who  have  conducted  the 
inquiries  to  which  we  allude.     The  contention  of  mind  for  which  they  call 
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u  enormotu;  uid  it  maj,  perh&ps,  be  owing  to  their  experieiKw  of  hoa 
Ulile  can  be  accomplished  in  curjiDg  such  processes  on  to  tboir  oonclu- 
fdon,  by  mere  ordiiMij  eteameis  of  head  ;  and  how  necessaiy  it  often  is 
to  pay  more  attention  to  the  pttrely  mathematical  condiUons  which  ensure 
sacccBB,  —  tbe  hookMuid-eyes  of  thdr  equaUons  and  series,  —  than  to 
those  which  eDchain  oanses  *itb  their  effects,  and  both  with  .the  human 
reason,  —  that  we  most  attribnte  Bomcthing  of  that  indisUnctnesa  of  view 
which  ia  often  compluned  of  as  a  grievance  by  the  earnest  stadent,  and 
still  more  commonly  ssonbed  Ironically  to  the  nidve  cloadinesa  of  an 
■tmoepbere  too  Bablime  for  vulgar  oomprehennou.  We  think  we  shall 
render  good  service  to  both  classes  of  readers,  by  dissipating,  so  &r  as  lies, 
in  oor  power,  that  accidental  obaonrity,  and  by  showing  ordinary  nntu* 
tored  comprehension  dearly  what  it  can,  and  what  it  eoRMoJ,  hope  to 
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CHAPTER  I. 

GENERAL  NOTIONS. — APPARSNT  AND  R8AL  MOTIONS. --»  SHAPE  AND 
.  SIZE  or  THE  EARTH.  —  THE  HORIZON  AND  ITS  DtP.  —THE  ATMO« 
SPHERE.  —  REFRACTION.  -^  TWILIGHT.  -^  APPEARANCES  REStJLTING 
FROM  DIURNAL  MOTION.  —  FROM  CHANGE  OF  STATION  IN  GENERAL. 
—  PARALLACTIC  m6tION8. -^  TERRESTRIAL  PARALLAX.  —  THAT  OF 
THE  STARS  INSENSIBLE.  —  FIRST  STEP  TOWARDS  FORMING  AN  IDEA 
OP  THE  DISTANCE  OF  THE  STARS.  —  COPERNICAN  VIEW  OF  THE 
earth's  motion. — RELATIVE  MOTION.  —  MOTIONS  PARTLY  REAL, 
PARTLY  APPARENT. — GEOCENTRIC  ASTRONOMY,  OR  IDEAL  REFERENCE 
OF  PHJBNOMENA  TO  THE  EARTH'S  CENTRE  AS  A  COMMON  CONVEN- 
TIONAL  STATION. 

(11.)  The  magDitudes,  distances,  arrangement,  and  motions  of  the 
great  bodies  which  make  up  the  vbible  universe,  their  constitution  and 
physical  condition,  so  &r  as  thiej  can  be  known  to  us,  with  their  nvutual 
influences  and  actions  on  each  other,  so  far  as  they  can  be  traced  by  the 
effects  produced,  and  established  by  legitimate  reasoning,  form  the  assem- 
blage of  objects  to  which  the  intention  of  the  astronomer  is  directed. 
The  term  astronomy*  itself,  which  denotes  the  law  or  rule  of  the  astra  (by 
which  the  ancients  understood  not  only  the  stars  properly  so  called,  but 
the  sun,  the  moon,  and  all  the  visible  constituents  of  the  heavens),  suffi- 
ciently indicates  this ;  and,  although  the  term  astrology,  which  denotes  the 
reason^  theory^  or  interpretation  of  the  stars,'  has  become  degraded  in  its 
application,  and  confined  to  superstitious  and  delusive  attempts  to  divine 
future  events  by  their  dependence  on  pretended  planetary  influeDces,  the 
same  meaning  originally  attached  itself  to  that  epithet. 

(12.)  But,  besides  the  stars  and  other  celestial  bodies,  the  earth  itself, 
regarded  as  an  individual  body,  is  one  principal  object  of  the  astronomer's 
consideration^  and  indeed,  the  chief  of  all.     It  derives  its  importance,  in 

*  Atmipt  a  star ;  voftot,  a  Zaio;  or  vc^civ,  to  tend,  as  a  shepherd,  his  flock;  so  that 
a^pov0/ie(  means  "shepherd  of  the  stars/*  The  two  two  etymologies  are,  however, 
coincident. 

^  Ao/of ,  reaion,  or  a  word,  the  vehicle  of  reason ;  the  interpreter  of  thought. 
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B  pnicUeal  a  well'w  flieoredcal  sense,  not  onlj  from  its  proximity,  and 
ita  relation  to  ns  as  aDimated  beings,  wbo  draw  from  it  the  supply  of  nil 
onr  wants,  but  sa  tbe  station  from  wbich  we  see  all  the  rest,  aod  as  the 
only  one  amoiig  them  to  which  we  am,  in  the  first  instance,  refer  for  any 
determinate  marics  and  measurca  by  which  to  recognize  their  changes  of 
situation,  or  with  irhioh  ia  compere  their  distances. 

(13.)  To  (he  reader  who  now  tat  the  first  time  takes  np  a  book  on 
astronomy,  it  will  no  donbt  seem  strange  to  class  the  earth  with  the 
hea^ly  bodies,  and  to  assume  any  community  of  nature  among  things 
apparently  so  difibrent.  For  what,  in  feet,  can  be  more  opparently  differ- 
ent than  the  vast  and  seemingly  immeasurable  aztent  of  the  earth,  and  the 
Htiraf  The  earth  is  a  dark  and  opaque,  while  the  celestial  bodies  are 
brilLinnt.  We  perceive'in  it  no  motion,  while  in  them  vre  observe  a  con- 
tinual change  of  place,  as  we  view  them  at  different  hours  of  tbe  day  or 
night,  or  at  different  seasons  of  the  year.  The  ancients,  accordingly,  one 
or  two  of  the  more  enlightened  of  them  only  excepted,  admitted  no  such 
commanity  of  oatiire ;  and,  by  thns  placing  the  heavenly  bodies  and  their 
movements  without  \he  pale  of  analogy  and  experience,  effectually  inter- 
cepted the  progress  of  all  reasoning  fhtm  what  passes  here  below,  to  what 
.is  going  on  in  the  regions  where  they  exist  and  move.  Under  such  con- 
ventions, astrOBomj,  as  a  science  of  cause  and  effect,  could  not  exist,  but 
must  be  limited  to  a  mere  registry  of  appearances,  unconnected  with  any 
attempt  to  aeconnt  fbr  them  on  reasonable  principles,  howerer  successful 
to  a  certain  extent  might  be  the  attempt  to  follow  ont  their  order  of 
sequence,  and  to  establish  empirical  laws  expressive  of  this  order.  To 
get  rid  of  this  prsjndice,  therefore,  b  the  first  step  towards  acquiring  a 
knowledge  of  what  is  really  the  ease;  and  the  student  has  made  bis  first 
effort  towards  the  acquisition  of  strand  knowledge,  wlien  ho  has  learnt  to' 
femiliarixe  himself  with  the  Idea  that  the  earth,  after  all,  may  be  nothing 
bat  a  great  star.  How  correct  such  an  idea  may  be,  and  with  what  limi- 
tations and  modtdcations  it  is  to  be  admitted,  we  shall  see  presently. 

(14.)  It  is  evident,  that,  to  form  any  just  notions  of  tbe  arrangement, 
in  space,  of  a  number  of  olijects  which  we  cannot  approach  and  examine, 
bat  of  which  all  the  infbrmation  we  can  gain  is  by  sitting  still  and  watch- 
ing their  evotntioDS,  it  must  be  very  important  for  us  to  know,  in  the  first 
instance,  whether  what  we  call  utting  still  is  realty  sncb :  whether  the 
station  flrom  which  we  view  them,  with  ourselves,  and  all  objects  which 
immediately  anrround  us,  be  not  itself  in  motion,  nnperceivcd  by  n.i ;  and 
if  BO,  of  what  nature  that  motion  is.  The  apparent  places  of  a  number 
of  objects,  and  thdr  apparent  arrangement  with  respect  to  each  other, 
will  (rf  ooune  be  materially  dependent  on  the  aituatiou  of  tiio  spectator 
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amoDg  them ;  and  if  this  situatioa  be  liable  to  change,  unknown  to  the 
spectator  himself,  an  appearance  of  change  in  the  respective  situations  of 
the  objects  will  arise,  without  the  reality.  If,  then,  such  be  actuaUy  the 
case,  it  will  follow  that  all  the  movements  we  think  we  perceiver  amongi 
the  stars  will  not  be  real  movements,  but  that  some  part,  at  least,  of 
whatever  changes  of  relative  place  we  perceive  among  them  must  be 
merely  apparent,  the  results  of  the  shifting  of  our  own  point  of  view ; 
and  that,  if  we  would  ever  arrive  at  a  knowledge  of  their  real  motions,  it 
can  only  be  by  first  investigating  our  own,  and  making  due  allowance  for 
its  effects.  Thus,  the  question  whether  the  earth  is  in  motion  or  at  rest, 
and  if  in  motion,  what  that  modon  is,  is  no  idle  inquiry,  but  one  on  which 
depends  our  only  chance  of  arriving  at  true  conclusions  respecting  the 
constitution  of  the  universe. 

(15.)  Nor  let  it  be  thought  strange  that  we  should  speak  of  a  motion 
existing  in  the  earth,  unperceived  by  its  inhabitants ;  we  must  remember 
that  it  is  of  the  earth  as  a  whole,  with  all  that  it  holds  within  its  subsftanoe 
or  sustains  on  its  surface,  that  we  are  speaking ;  of  a  motion  common  to 
the  solid  mass  beneath,  to  the  ooean  which  flows  around  it^  the  air  that 
rests  upon  it,  and  the  clouds  which  float  above  it  in  the  air.  Such  a 
motion,  which  should  displace  no  terrestrial  object  from  its  relative  sitoar 
tion  among  others,  interfere,  with  no  natural  processes,  and  produce  no 
sensations  of  shocks  or  jerks,  might,  it  is  very  evident,  subsist  undetected 
by  us.  There  is  no  peculiar  sensation  which  advertises  us  that  we  are  in 
motion.  We  perceive  jerksy  or  shocksy  it  is  true,  because  these  are  snd* 
den  changes  of  motion,  produced,  as  the  laws  of  mechanics  teach  us,  by 
sudden  and  powerful  forces  acting  during  short  times ;  and  these  foroeSi 
applied  to  our  bodies,  are  what  we  feel.  When,  for  example,  we  are 
carried  along  in  a  carriage  with  the  blinds  down,  or  with  our  eyes  closed 
(to  keep  us  from  seeing  external  objects),  we  perceive  a  tremor  arising  from 
'  inequalities  in  the  road,  over  which  the  carriage  is  suocessively  lifted  and 
let  full,  but  we  have  no  sense  of  progress.  As  the  road  is  smoother,  our 
sense  of  motion  is  diminished,  though  our  rate  of  travelling  is  accelerated. 
Railway  travelling,  especially  by  night,  or  in  a  tunnel,  has  fiuniliarized 
every  one  with  this  remark.  Those  who  have  made  aeronautic  voyages 
testify  that  with  closed  eyes,  and  under  the  influence  of  a  steady  breeie 
communicating  no  oscillatory  or  revolving  motion  to  the  car,  the  sensation 
is  that  of  perfect  rest,  however  rapid  the  transfer  from  place  to  place. 

(16.)  But  it  is  on  shipboard,  where  a  great  system  is  maintained  in 
motion,  and  where  we  are  surrounded  with  a  multitude  of  objects  which 
participate  with  ourselves  and  each  other  in  the  common  progress  of  the 
whole  masS;  that  we  feel  most  satisfactorily  the  identity  of  sensation 
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between  >  stale  of  motion  and  one  of  rest.  In  the  cmbin  of  t>  large  and 
heiTj  veseel,  going  sraoothlj  before  tbe  wind  in  still  water,  or  drawn  along 
a  canal,  not  the  smallest  indication  acquaints  as  with  tbe  wa;  it  ia  mailing. 
We  read,  nt,  walk,  and  perform  every  customary  action  as  if  we  were  on 
Und.  If  we  throw  a  ball  into  the  air,  it  falls  back  into  our  hand;  or  if 
we  drop  it,  it  alights  at  onr  feet.  Insects  buu  around  us  as  in  the  free 
air ;  and  smoke  ascends  in  the  same  manaer  as  it  would  do  in  an  apart- 
ment on  shore.  If,  indeed,  wc  come  on  deck,  the  case  is,  in  some  respects, 
difierent;  the  air,  not  being  carried  along  with  us,  drifts  away  smoke  and 
other  light  bodies — such  as  feathers  abandoned  to  it  —  apparently,  in 
the  opposite  direction  to  that  of  the  ship's  progress;  hut,  in  reality,  iheif 
remain  at  rest,  and  we  leave  them  behind  in  the  air.  Still,  the  illumon, 
so  far  as  masdve  objects  and  our  own  movements  are  conoeroed,  remains 
complete;  and  whei^we  look  at  the  shore,  we  then  perceive  the  effect  ot 
oar  own  motkn  transferred,  in  a  contrary  direction,  to  external  objects— 
external,  that  is,  lo  tAe  igttem  of  uhiek  we  farm  a  part. 

"  ProTibimBT,  porta,  Mmqoe  urbcsqoe  iMedoni. 
(17.)  In  order,  however,  to  conceive  the  earth  as  in  motion,  we  most 
form  to  ourselves  a  conception  of  its  shape  and  siie.-  Now,  an  object 
cannot  have  shape  and  siie  unlesa  it  is  limited  on  all  sides  by  some  det 
site  outline,  so  as  to  admit  of  our  imsgining  it,  at  less^  disconnected  from 
other  bodies,  and  existing  insntated  in  space.  The  first  rude  notion  we 
form  of  the  earth  is  that  of  a  flat  sar&cc,  of  iodeflnito  extent  in  all  direo- 
tJOQS  from  the  spot  where  we  stand,  aboee  which  are  the  air  and  iky; 
below,  to  an  indefinite  profundity,  solid  matter.  This  is  a  prejudice  to  be 
got  rid  of,  like  that  of  the  earth's  immobility;  —  bat  it  is  one  mncb 
eaner  to  rid  onrselrea  of,  inasmnch  as  it  originates  only  in  our  own  mental 
inactivity,  in  not  questionii^  onnelves  wAtre  we  will  place  a  limit  to  ft 
thing  we  hare  been  aoonstomed  from  infancy  to  regard  as  immensely 
large;  and  does  not,  like  that,  originate  in  the  testimony  of  oar  senses 
unduly  interpreted.  On  the  contrary,  the  direct  testimony  of  our  senses  * 
lies  the  other  way.  When  we  see  the  snn  set  in  the  evening  in  the  west, 
and  rise  again  in  the  east,  as  we  cannot  doubt  that  it  ia  the  sasw  snn  wo 
see  after  a  temporary  absence,  we  mnst  do  violence  to  all  onr  notions  of 
solid  matter,  to  suppose  it  to  have  made  its  way  through  the  substanoe  of 
the  earth.  It  most,  therefore,  have  gone  under  it,  and  that  not  by  a  mere 
snblerraneoQS  ekaimel;  for  if  we  notice  the  points  where  it  sets  and  rises 
for  many  successive  days,  or  for  a  whole  year,  we  shall  find  them  con- 
stantiy  shifting,  round  a  very  large  extent  of  the  boriion;  and,  besidei^ 
the  moon  and  stars  also  set  and  rise  again  io  all  points  of  the  viidble 
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horizon.  The  conclasion  is  plain  :  the  earth  cannot  extend  indefinitely 
in  depth  downwards,  nor  indefinitely  in  surface  laterally ;  it  must  have  not 
only  bounds  in  a  horizontal  direction,  bat  also  an  under  ride  xt)und  which 
the  sun,  moon,  and  stars  can  pass ;  and  that  side  must,  at  least,  be  so  ikr 
like  what  we  see,  that  it  must  have  a  sky  and  sunshine,  and  a  day  when 
it  is  night  to  us,  and  vice  versd ;  where,  in  short, 

— "  redit  i  nobis  Aarora,  diemque  redacit. 
NoeqiM  ubi  primus  equis  oriens  afflavh  anhelki, 
Illic  sera  rubeas  accendit  lumina  Vesper.  Georg, 

(18.)  As  soon  as  we  have  &niiliarized  ourselves  with  the  conception  of 
an  earth  without  foundattans  or  fixed  supports  —  exbting  insulated  in 
space  from  contact  of  every  thing  external,  it  becomes  easy  to  imagine  it 
in  motion  —  or,  rather,  difficult  to  imagine  it  otherwise :  for,  since  there 
is  nothing  to  retain  it  in  one  place,  should  any  causes  of  motion  exists  or 
6jij  forces  act  upon  it,  it  must  obey  their  impulse.  Let  us  next  see  what 
obvious  circumstances  there  are  to  help  us  to  a  knowledge  of  the  shape 
of  the  earth. 

(19.)  Let  us  first  examine  what  we  can  actually  see  of  its  shape.  Now, 
it  is  not  on  land  (unless,  indeed,  on  uncommonly  level  and  extensive 
plains),  that  we  can  see  any  thing  of  the  general  figure  of  the  earth ;  *— 
the  hills,  trees,  and  other  objects  which  roughen  its  surface,  and  break 
and  elevate  the  line  of  the  horizon,  though  obviously  bearing  a  most  mi- 
nute proportion  to  the  whole  earth,  are  yet  too  considerable  with  respect 
to  ourselves  and  to  that  small  portion  of  it  which  we  can  see  at  a  single 
view,  to  allow  of  our  forming  any  judgment  of  the  form  of  the  whole,  from 
that  of  a  part  so  disfigured.  But  with  the  surface  of  the  sea  or  any  vastly 
extended  level  plain,  the  case  is  otherwise.  If  we  sail  out  of  sight  of 
land,  whether  wo  stand  on  the  deck  of  the  ship  or  climb  the  mast,  we  see 
the  surface  of  the  sea  —  not  losing  itself  in  distance  and  mist,  but  termi- 
.nated  by  a  sharp,  clear,  well-defined  line  or  ojfing  as  it  is  called,  which 
runs  all  round  us  in  a  circle,  having  our  station  for  its  centre.  That  this 
line  is  really  a  circle,  we  conclude,  first,  from  the  perfect  apparent  Bimihu^ 
ity  of  all  its  parts ;  and,  secondly,  from  the  fact  of  all  its  parts  appearing 
at  the  same  distance  from  us,  and  that,  evidently,  a  moderate  one ;  and 
thirdly,  from  this,  that  its  apparent  diameter j  measured  with  an  instror 
ment  called  the  dip  sector^  is  the  same  (except  under  some  singular  atmos- 
pheric circumstances,  which  produce  a  temporary  distortion  of  the  outline), 
in  whatever  direction  the  measure  is  taken, —  properties  which  belong  only  * 
to  the  circle  among  geometrical  figures.     If  we  ascend  a  high  eminence 
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oa  a  plain  (for  iostuice,  one  of  the  Egyptian  pjnmidi,)  the  mim  kolils 
good. 

(20.)  Mute  of  nhips,  however,  Knd  the  adificea  ermted  by  mut,  ua 
trifiiug  emioences  compared  to  what  DtHure  itself  affords;  ^toa,  Tene- 
riffe,  Mowna  Sob,  ara-emineiices  from  which  no  contemptibla  ali^mt  park 
of  the  whole  earth's  surfkoe  can  be  seenj  butfrom  theie  again — ia  thoae 
few  and  rare  occaaions  whea  the  tiaosparencj  of  the  air  will  permit  the 
real  boQndaryof  the  boruon,  the  true  eea-Iin^  to  be  seen — the  verj 
same  appearances  are  witnessed,  but  with  this  remarkable  addition,  vii., 
that  the  augoUr  diameter  of  the  visible  area,  as  measoied  by  the  dip  sec- 
tor, is  materially  ku  thta  at  a  lower  level ;  or,  in  other  words,  that  the 
apparent  me  of  the  earth  has  sensibly  diminished  as  ve  have  receded 
from  its  qor&oe,  while  yet  the  abtotute  quaniitt/  of  it  wen  at  ooce  has  been 
increased. 

(21.)  The  same  appearances  are  observed  uoivarsally,  in  every  put  of 
the  earth's  surface  visited  by  man.  Now,  the  figure  of  a  body  which, 
however  seen,  appews  always  circular,  can  be  no  other  than  a  sphere  oi 
globe. 

(22.)  A  diagram  will  elucidate  this.  Suppose  the  earth  to  be  repre- 
sented by  the  sphere  LUNQ,  whose  centre  is  C,  and  let  A,  0,  M  be  sti^ 
tions  at  di^rent  elevations  above  various  points  of  ite  sorface,  represented 
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^y  ^)  gi  ^  respeclively.  From  each  of  them  (as  from  M)  let  a  line  be 
drawD,  as  MNir,  a  tangent  to  the  surface  at  N,  then  will  thb  line  represent 
the  visual  ray  along  which  the  spectator  at  M  will  see  the  visible  horizon ; 
and  as  this  tangent  sweeps  round  M,  and  comes  successively  into  the  posi- 
tions MOo,  MPp,  MQ^,  the  poidt  of  contact  N  will  mark  out  on  the  sur- 
fiice  the  circle  NOPQ.  The  area  of  the  spherical  sur&ce  comprehended 
within  this  circle  is  the  portion  of  the  earth's  surface  visible  to  a  spectator 
at  M,  and  the  angle  NMQ  included  between  the  two  extreme  visual  rays 
is  the  measure  of  its  apparent  angular  diameter.  Leaving,  at  present,  out 
of  consideration  the  effect  of  refraction  in  the  air  below  M,  of  which  more 
hereafter,  and  which  always  (ends,  in  some  degree,  to  increau  that  angle, 
or  render  it  more  obtuse,  this  is  the  angle  measured  by  the  dip  sector. 
Now,  it  is  evident,  1st,  that  as  the  point  M  is  more  elevated  above  n,  the 
point  immediately  below  it  on  the  sphere,  the  visible  area,  t.  e.  the  spher- 
ical segment  or  slice  NOPQ,  increases ;  2dly,  that  the  distance  of  the  vis- 
ible horizon  \  or  boundary  of  our  view  from  the  eye,  viz.  the  line  MN, 
increases ;  and,  3dly,  that  the  angle  NMQ  becomes  less  ohluse,  or,  in  other 
words,  the  apparent  angular  diameter  of  the  earth  diminishes,  being  no- 
where so  great  as  180^,  or  two  right  angles,  but  falling  short  of  it  by 
some  sensible  quantity,  and  that  more  and  more  the  higher  we  ascend. 
The  figure  exhibits  three  states  or  stages  of  elevation,  with  the  horizon, 
&o.,  corresponding  to  each,  a  glance  at  which  will  explain  our  meaning; 
or,  limiting  ourselves  to  the  larger  and  more  distinct,  MNOPQ,  let  the 
reader  imagine  itNM,  MQ^  to  be  the  two  legs  of  a  ruler  jointed  at  M,  and 
kept  extended  by  the  globe  NmQ  between  them.  It  is  clear,  that  as  the 
joint  M  is  urged  home  towards  the  surface,  the  legs  will  open,  and  the  ruler 
will  become  more  nearly  straight,  but  will  not  attain  perfect  straightness 
till  M  is  brought  fairly  up  to  contact  with  the  surface  at  m,  in  which  case 
its  whole  length  will  become  a  tangent  to  the  sphere  at  m,  as  is  the  line 
xy, 

(23.)  This  explains  what  is  meant  by  the  dip  of  the  horizon.  Mm, 
which  is  perpendicular  to  the  general  surface  of  the  sphere  at  m,  is  also 
the  direction  in  which  a  plumb-line*  would  hang;  for  it  is  an  observed 
fact,  that  in  all  situations,  in  every  part  of  the  earth,  the  direction  of  a 
plumb-line  is  exactly  perpendicular ' to  the  surface  of  still  water;  and, 
moreover,  that  it  is  also  exactly  perpendicular  to  a  line  or  surface  truly 
adjusted  by  a  spirit-level*  Suppose,  then,  that  at  our  station  M  we  were 
to  adjust  a  line  (a  wooden  ruler  for  instance)  by  a  spirit-level,  with  perfect 
exactness;  then,  if  we  suppose  the  direction  of  this  line  indefinitely  pro- 

'  *  O/ii^M,  to  terminate, 

*See  these  instruments  described  in  Chap.  III. 
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longed  both  wijb,  u  XMY,  the  lioe  m  drawn  will  bo  at  right  ongles  to 
Mm,  and  tberefore  parallel  to  xmy,  the  taagent  to  the  sphere  at  m.  A 
spectator  placed  at  M  will  therefore  see  not  only  all  tbe  tsdU  of  the  sky 
above  this  line,  aa  XZY,  but  also  that  portioa  or  kodc  of  it  which  lies 
between  XN  and  YQ;  in  other  words,  his  slcy  will  be  more  than  a  hemi- 
sphere by  the  zone  YQXN.  It  is  the  angular  breadth  of  this  redundant 
zone  —  the  angle  YMQ,  by  which  the  vitihle  borixon  appears  depressed 
below  the  direction  of  a  spirit-lerel — that  is  called  the  dip  oftkt  ftoriiow. 
It  is  a  correction  of  constant  tue  in  nautical  astronomy.  'V 

(24.)  From  die  foregoing  exphinatioos  it  appears,  1st,  That  the  general 
figure  of  the  earth  (so  &r  as  it  can  be  gathered  from  this  kind  of  obsem- 
tion)  IB  that  of  a  sphere  or  globe.  In  this  we  also  inoludu  that  of  the  sea, 
which,  wherever  it  extends,  eorera  and  fills  in  those  inequaliUea  and  local 
irregnlarities  which  exist  on  land,  bat  which  can  of  oourse  only  be  regarded 
as  trifling  deriations  from  the  general  outline  of  tbe  whole  mass,,  as  we 
consider  an  orange  not  the  leas  roand  for  the  rongfaness  on  its  rind.  2dly, 
That  the  appearance  of  a  vitibU  horizon,  or  sea-offing,  is  a  consequence 
of  the  cnrratare  of  the  snrface,  and  does  not  arise  from  die  inability  of 
the  eye  to  fbllow  objects  to  a  greater  distance,  or  from  atmospheric  indis- 
tinctness. It  will  be  worth  while  to  pursue  the  general  notion  thos 
acquired  into  some  of  its  consequences,  by  which  its  consistency  with 
observations  of  a  different  kind,  and  on  a  larger  scale,  will  be  pat  to  die 
test,  and  a  clear  conception  be  formed  of  the  manner  in  which  the  parts 
of  the  earth  are  related  to  each  other,  and  held  together  as  a  whole. 

(25.)  In  the  first  place,  then,  every  one  who  has  passed  a  little  while 
at  tbo  sea-dde  is  aware  that  objects  may  be  seen  perfectly  well  beyond  tbe 
oging  or  visible  horizon — but  not  the  whole  of  them.  We  only  see  their 
upper  parts.  Their  bases  where  they  rest  on,  or  rise  out  of  the  water,  are 
bid  from  view  by  the  spherical  snrbee  of  the  sea,  which  protnides  between 
them  and  oarsekes.  Suppose  a  ship,  for  instance,  to  sail  directly  away 
from  onr  station ;  — at  fir«t,  when  the  distance  of  the  ship  is  small,  a 
siKClator,  S,  utaated  at  some  certain  height  above  the  sea,  sees  the  whole 
of  the  ship,  even  to  the  waler  line  where  it  rests  on  the  sea,  as  at  A. 
As  it  recedes  it  diminishes,  it  is  true,  in  apparent  size,  but  still  the  whole 
iS  seen  down  to  the  water  line,  till  it  reaches  the  vinhle  horizon  at  B. 
But  OS  soon  as  it  has  pawed  this  distance,  not  only  does  the  viNble  por- 
tion still  contintie  to  diminish  in  apparent  stxe,  bat  tbe  hull  begins  to 
disappear  bodily,  as  if  sunk  below  the  surface.  When  it  has  reached  a 
certain  distance,  as  at  C,  its  1iull  bos  entirely  vanished,  bat  the  masts 
and  «la  remain,  presenting  the  appearance  e.  Bnt  if,  in  this  state  of 
thinp,  the  speelator  quickly  ascends  to  a  higher  station,  T,  whose  vinhle 
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horizon  is  at  D,  the  hull  comes  again  in  sight;  andi  whsn  he  descends 
again  he  loses  it.     The  ship  still  reoeding,  Uie  lower  sails  seem  to  sink 

Fig.  2. 


below  the  water,  as  at  d^  and  at  length  the  whole  disappears:  while  yet 
the  distinctness  with  which  the  last  portion  of  the  sail  d  is  seen  is  such 
as  to  satisfy  us  that  were  it  not  for  the  interposed  segment  of  the  sea, 
ABODE,  the  distance  TE  is  not  so  great  as  to  have  prevented  an  equally 
perfect  view  of  the  whole. 

(26.)  The  history  of  aeronautic  adventure  affords  a  curious  illustration 
of  the  same  principle.  The  late  Mr.  Sadler,  the  celebrated  aeronaut, 
ascended  on  one  occasion  in  a  balloon  from  Dublin,  and  was  wafted  across 
the  Irish  Channel,  when,  on  his  approach  to  the  Welsh  coast,  the  balloon 
descended  nearly  to  the  surface  of  the  sea.  By  this  time  the  sun  was 
set,  and  the  shades  of  evening  began  to  close  in.  He  threw  out  nearly 
all  his  ballast,  and  suddenly  sprang  upwards  to  a  great  height,  and  by  so 
doing  brought  his  horizon  to  dip  below  the  suif,  producing  the  whole 
phenomenon  of  a  western  sunrise.  Subsequently  descending  in  Wales^ 
he  of  course  witnessed  a  second  sunset  on  the  same  evening. 

(27.)  If  we  could  measure  the  heights  and  exact  distance  of  two  sta- 
tions which  could  barely  be  discerned  from  each  other  over  the  edge  of 
the  horizon,  we  could  ascertain  the  actual  size  of  the  earth  itself:  and,  in 
fact,  were  it  not  for  the  effect  of  refraction,  by  which  we  are  enabled  to 
,  see  in  some  small  degree  round  the  interposed  segment  (as  will  be  here- 
after explained),  this  would  be  a  tolerably  good  method  of  ascertaining 
it.  Suppose  A  and  B  to  be  two  eminences,  whose  perpendicular  heights 
A  a  and  B  b  (which,  for  simplicity,  we  will  suppose  to  be  exactly  equal) 
are  known,  as  well  as  their  exact  horizontal  interval  aD3,  by  measure- 
ment ;  then  it  is  clear  that  D,  the  visible  horizon  of  both,  will  lie  just 
half-way  between  them,  and  if  we  suppose  aJ)h  to  he  the  sphere  of  the 
earth,  and  C  its  centre  in  the  figure  C  D  6  B,  we  know  D  b,  the  length  of 
the  arch  of  the  circle  between  D  and  h, — viz.  half  the  measured  interval, 
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and  &B,  the  ezcesa  of  its  Eeunt  above  its  ratlioa— vhieh  is  tbe  height  of 
B, — data  vhich,  by  the  solntion  of  an  eas;  geometrical  problem,  enable 


<aa  to  find  the  length  of  the  Tadina  D  C.  If,  as  ia  really,  the  ease,  we  anp- 
poee  both  tlie  bnghta  and  distance  of  the  itations  inoonaiderable  in  cem- 
parisan  with  the  nte  of  the  earth,  the  Botation  allnded  to  ia  contained  in 
the  following  propontion :  — 

The  tarth'a  diameter  bean  tie  lame  jtroportiim  to  the  dittanee  of  the 
vitiliU  horizon  from  tkt  tye  at  lAal  dManee  does  to  the  height  of  the    ' 
«ye  aboet  the  tea  level. 

When  the  BtaUooa  are  nneqoal  in  height,  the  problem  is  a  little  more 
complicated. 

(28.)  Although,  as  we  have  observed,  the  e^t  of  reftsction  prevents 
this  from  being  an  exact  method  of  ascertaining  the  dimenBioos  of  the 
earth,  yet  it  viU  iuffice  to  afford  snch  an  approzimatinn  to  it  as  shall  be 
of  nse  in  the  present  stage  of  the  reader's  knowledge,  and  help  him  to 
many  jnst  conceptions,  on  which  aooonnt  ve  shall  exemplify  its  appliea- 
-tion  in  nnmbers.  Now,  it  appeals  by  observation,  that  two  points,  each 
ten  feet  above  the  snT&oe,  oease  to  be  visible  from  each  other  over  a^ 
water,  and  in  average  atmoepherio  circnmstanoes,  at  a  distanoe  of  abo»t  S 
miles.  Bnt  10  feet  is  the  528th  part  of  a  mile,  lo  that  half  their  diatanee, 
or  4  miles,  is  to  the  height  of  each  as  4  X  528  or  2112  : 1,  and  tberofiwe 
in  the  same  proportion  to  4  miles  is  the  length  of  the  earth's  diameter. 
It  muat,  therefore,  be  equal  to  4  X  2112  =  8448,  or,  in  ronnd  numben^ 
about  8000  miles,  whioh  is  not  very  far  fnai  the  tmth. 

(29.)  Snch  is  the  first  rongh  result  of  an  attempt  to  aseertun  the 
earth's  magnitude;  and  it  will  not  be  amiss,  if  we  take  advantage  of  it 
to  compare  it  with  objects  we  have  been  accustomed  to  oonsider  as  of  vast 
riie,  so  as  to  interpose  a  few  steps  between  it  and  onr  ordinary  ideas  of 
dimension.  We  have  before  likened  the  inequalities  on  the  earth's  sur- 
'  fiee,  arising  from  mountains,  valleys,  buildings,  &e.  to  the  roughnesses 
OD  the  rind  of  on  onnge,  compared  with  ita  general  masi.    The  eom^ari- 
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SOD  is  quite  free  from  exaggeration.  The  highest  mountaiQ  known  hardly 
exceeds  five  miles  in  perpendicular  elevation :  this  is  only  one  1600th 
part  of  the  earth's  diameter;  conseqaently,  on  a  globe  of  sixteen  inches 
in  diameter^  such  a  mountain  would  be  represented  by  a  protuberance  of 
no  more  than  one  hundredth  part  of  an  inch;  which  is  about  the  thickness 
of  ordinary  drawing-paper.  Now,  as  there  is  no  entire  continent,  or  even 
any  very  extensive  tract  of  land,  known,  whose  general  elevation  above 
the  sea  is  any  thing  like  half  this  quantity,  it  follows,  that  if  we  would 
construct  a  oorrect  model  of  our  earth,  with  its  seas,  continents,  and 
mountains,  on  a  globe  sixteen  inches  in  diameter,  the  whole  of  the  land, 
with  the  exception  of  a  few  prominent  points  and  ridges,  must  be  com- 
prise^  on  it  within  the  thickness  of  thin  writing-paper ',  and  the  highest 
hills  would  be  represented  by  the  smallest  visible  grains  of  sand. 

(30.)  The  deepest  mine  existing  does  not  penetrtfte  half  a  mile  below 
the  sur&ce :  a  scratch,  or  pin-hole,  duly  represendng  it,  on  the  snr&ce  of 
such  a  globe  as  our  model,  would  be  imperceptible  without  a  magnifier. 

(81.)  The  greatest  depth  of  sea,  probab]jr,  does  not  very  much  exceed 
the  greatest  elevation  of  the  oontinents;  and  would,  of  course,  be  repre- 
sented by  an  excavation,  in  about  the  same  proportion,  into  the  substance 
of  the  globe :  so  that  the  ocean  comes  to  be  conceived  as  a  mere  film  of 
liquid,  such  as,  on  our  model,  would  be  left  by  a  brush  dipped  in  colour, 
and  drawn  over  those  parts  intended  to  represent  the  sea :  only,  in  so  con- 
ceiving it,  we  must  bear  in  mind  that  the  resemblance  extends  no  farther 
than  to  proportion  in  point  of  quantity.  The  mechanical  laws  which 
would  regulate  the  distribution  and  movements  of  such  a  film,  and  its 
adhesion  to  the  surface,  are  altogether  difierent  frpm  those  which  govern 
the  phenomena  of  the  sea. 

(32.)  Lastly,  the  greatest  extent  of  the  earth's  surface  which  has 
ever  been  seen  at  once  by  man,  was  that  exposed  to  the  view  of  MM. 
Biot  and  Gkty-Lussac,  in  their  celebrated  aeronautic  expedition  le  the 
enormous  height  of  25,000  feet,  or  rather  less  than  five  miles.  To  esti* 
mate  the  proportion  of  the  area  visible  from  this  elevation  to  the  whole 
earth's  surface,  we  must  have  recourse  to  the  geometry  of  the  sphere, 
which  informs  us  that  the  convex  surface  of  a  spherical  segment  is  to  the 
whole  surface  of  the  sphere  to  which  it  belongs  as  the  versed  sine  or  thick- 
ness of  the  segment  is  to  the  diameter  of  the  sphere ;  and  further,  that 
this  thickness,  in  the  case  we  are  considering,  is  almost  exactly  equal  to 
the  perpendicular  elevation  of  the  point  of  sight  above  the  surface.  The 
proportion,  therefore,  of  the  visible  area,  in  this  case,  to  the  whole  earth's 
surface,  is  that  of  five  miles  to  8000,  or  1  to  1600.  The  portion  visible 
from  iEtna,  the  Peak  of  Teneriffe,  or  Mowna  Roa,  is  about  one  4000th. 
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(3S.)  Wbea  wc  ascend  h>  any  very  coSsidcnble  olevation  Aove  the 
etiti&ce  of  the  eanh,  either  in  a  balloon,  or  on  ntonntuns,  we  are  made 
aware,  by  many  nneatiy  BCnsaUooa,  of  an  insafficient  rapplj  of  air.  The 
barometer,  an  iBstrnment  wtiich  informs  ns  of  the  weight  of  »r  incum- 
bent on  a  given  horiiontal  surfaoe,  oonfirma  dui  ImpreaaioD,  and  affords 
a  direct  measure  of  the  rate  of  dimiautiAi  of  the  quantit/  of  lur  which  a 
^ven  space  includes  as  ve  recede  from  the  imrfitoe.  From  its  indications 
we  learn,  that  when  we  have  ascended  to  the  height  of  1000  feet,  wc  hare 
left  below  ue  about  ooe-thir^th  of  tho  whole  mass  of  the  atmosphere  :— 
that  at  10,600  feet  of  perpendicular  elevation  (which  ia  nther  less  than 
that  of  thenimmit  of  £taa')wa  have  ascended  Arongh  aboat  one-third; 
and  at  18,000  feet  (which  is  nearly  that  of  Cotopazi)  through  one-half 
the  material,  or,  at  least,  the  ponderable  body  of  air  iDonmbeat  on  the 
earth's  surftoe.  Prom  the  progression  at  these  nnmbers,  as  well  as  A 
jiriori,  from  the  natare  of  llie  ur  itself,  which  is  eamprtitible,  i.  e.  capa- 
ble of  being  condensed  or  crowded  into  a  smaller  space  in  proportiou  to 
the  incumbent  pressare^  it  U  easy  to  see  that,  although  by  rising  still 
higher,  we  should  continually  get  above  more  and  more  of  the  air,  and  so 
relieve  ourselves  more  and  more  from  the  pressure  with  which  it  weighs 
upon  us,  yet  the  amount  of  this  additional  relief,  or  the  pondarablt  quait' 
tity  of  air  surmounted,  would  be  by  no  means  in  proportion  to  the  addi- 
tional  height  ascended,  but  in  a  constantly  decreasing  ratio.  An  cosy 
calculation,  however,  founded  on  our  esperimeatal  knowledge  of  the  pro- 
perties of  ur,  and  the  mechanical  laws  which  regulate  its  dilatation  and 
compression,  is  sufficient  to  show  that,  at  an  altitude  above  the  surface  of 
the  earth  not  exceeding  the  hundredth  part  of  its  diameter,  the  tenuity, 
or  rarcfiiction,  of  the  air  must  be  eo  ezcesmve,  that  not  only  animal  life 
could  not  Bubsut,  or  comboBtion  be  maintained  in  it,  but  that  the  most 
delicate  means  wo  possess  of  asoertaining  the  existence  of  any  air  at  all 
would  fail  to  afford  the  slightest  perceptible  indications  of  its  presence. 

(34.)  Lajing  out  of  conuderation,  therefore,  at  present,  all  nice  ques- 
tions as  to  the  probable  existence  of  a  definite  limit  to  the  atmosphere, 
beyond  which  there  is,  absolutely  and  rigorously  speaking,  no  air,  it  is 
clear,  that,  for  all  practical  purposes,  wo  may  speak  of  those  regions  which 
nro  more  distant  above  the  earth's  surface  than  the  hundredth  part  of  its 
diameter  as  void  of  air,  and  of  course  of  clouds  (which  are  nothing  but 
visible  rapours,  diffused  and,^(iir;  in  the  air,  sustdned  by  it,  and  ren- 
dciiRg  it  turbid  as  mud  docs  water).     It  seems  probable,  from  many  indl- 

'  The  height  of  Mtm  above  tbo  MedilBrrane*n  (u  ii  nanlti  from  ■  buomeiriert 
ricwukhwdi  of  Bi;  own.  mads  b  Julf,  ISM,  andw  vMf  fevMoahti  elte«<B«aMMtt'<k 
10,873  English  Icct.— .4<rtl«r. 
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cations,  that  the  greatest  height  at  which  vi;}ible  clouds  ever  exisl  does  not 
exceed  ten  miles;  at  which  height, the  density  of  the  air  is  about  an  eighth 
part  of  what  it  is  at  the  level  of  the  sea. 

(35.)  We  are  thus  led  to  regard  the  atmosphere  of  air,  with  the  clouds 
il  supports,  as  constituting  a  coating  of  equable  or  nearly  equable  thick- 
ness, enveloping  our  globe  on  all  sides;  or  rather  as  an  aerial  ocean,  of 
which  the  surface  of  the  sea  and  land  constitutes  the  bed,  and  whose  infe- 
rior portions  or  strata,  within  a  few  miles  of  the  earth,  contain  by  far  the 
greater  part  of  the  whole  mass,  the  density  diminishing  with  extreme 
rapidity  as  we  recede  upwards,  till,  within  a  very  moderate  distance  (such 
as  would  be  represented  by  the  sixth  of  an  inch  on  the  model  we  have 
before  spoken  of,  and  which  is  not  more  in  proportion  to  the  globe  on 
which  it  rests,  than  the  downy  skin  of  a  peach  in  comparison  with  the 
fruit  within  it),  all  sensible  trace  of  the  existence  of  air  disappears. 

(36.)  Arguments,  however,  are  not  wanting  to  render  it,  if  not  abso- 
lutely certain,  at  least  in  the  highest  degree  probable,  that  the  surface  of 
the  atrial,  like  that  of  the  aqueous  ocean,  has  a  real  and  definite  limit,  as 
above  hinted  at;  beyond  which  there  is  positively  no  air,  and  above  which 
a  fresh  quantity  of  air,  could  it  be  added  from  without,  or  carried  aloft 
from  below,  instead  of  dilating  itself  indefinitely  upwards,  would,  after  a 
certain  very  enormous  but  still  finite  enlargement  of  volume,  sink  and 
merge,  as  water  poured  into  the  sea,  and  distribute  itself  among  the  mass 
beneath.  With  the  truth  of  this  conclusion,  however,  astronomy  has 
little  concern;  all  the  e£fects  of  the  atmosphere  in  modifying  astronomical 
phenomena  being  the  same,  whether  it  be  supposed  of  definite  extent  or 
not 

(37.)  Moreover,  whichever  idea  we  adopt,  within  those  limits  in  which 
it  possesses  any  appreciable  density  its  constitution  is  the  same  over  all 
points  of  the  earth's  surface ;  that  is  to  say,  on  the  great  scale,  and  leaving 
out  of  consideration  temporary  and  local  causes  of  derangement,  such  as 
winds,  and  great  fluctuations,  of  the  nature  of  waves,  which  prevail  in  it 
to  an  immense  extent  In  other  words,  the  law  of  diminution  of  the 
air's  density  as  we  recede  upwards  from  the  level  of  the  sea  is  the  same 
in  every  column  into  which  we  may  conceive  it  divided,  or  from  whatever 
point  of  the  surfiice  we  may  set  out.  It  may  therefore  be  considered  as 
consisting  of  successively  superposed  strata  or  layers,  each  of  the  form  of 
a  spherical  shell,  concentric  with  the  general  surface  of  the  sea  and  land, 
and  each  of  which  is  rarer,  or  specifically  lighter,  than  that  immediately 
beneath  it;  and  denser^  or  specifically  heavier,  than  that  immediately 
above  it.  This,  at  least,  is  the  kind  of  dbtribution  which  alone  would  be 
ccmsistent  with  the  laws  of  the  equilibrium  of  fluids.     Inasmuch,  however. 
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ta  the  atmosphere  i£  not  in  perfect  equilibrium,  being  always  fcept  in  a  ' 
state  of  circulatioD,  owing  to  the  excesa  of  heat  in  its  equatorial  regions 
over  that  at  the  poles,  some  slight  deviation  from  the  rigorous  expression 
of  this  law  lakes  place,  and  in  peculiar  localitieB  there  is  reason  to  believe 
that  eren  considerable  permanent  depressions  of  the  contonn  of  these 
strata,  below  their  general  or  spherical  level,  subsist  But  these  are  points 
of  consideration  rather  for  the  meteorologist  than  the  astronomer.  It 
must  be  observed,  moreover,  that  with  this  distribution  of  its  strata  tbe 
inequalities  of  mountains  and  valleys  have  little  oonoem.  These  exercise 
hardly  more  influence  in  modifying  their  general  spherical  figure  than  the 
inequalities  at  the  bottom  of  the  sea  interfere  with  the  general  sphericity 
of  its  sorfoce.  They  would  exercise  absolutely  none  were  it  not  for  their 
effect  in  giving  another  than  horiiontal  direction  to  the  currents  of  air 
coostitutiog  winds,  as  shoals  in  the  ooean  throw  up  the  ourrenta  which 
sweep  over  them  towards  the  sarface,  and  so  in  some  small  degree  tend  to 
disturb  the  perfect  level  of  that  surface. 

(S8.)  It  ia  the  power  which  air  possesses,  in  oCRBmon  with  all  trans- 
parent media,  of  rffraeltng  the  rajs  of  light,  or  bending  them  out  of 
their  straight  course,  which  renders  a  knowledge  of  die  oonstitation  of  the 
atmosphere  important  to  the  astronomer.  Owing  to  this  property,  objects 
seen  obliquely  tbiough  it  appear  otherwise  situated  than  they  would  to  the 
same  spectator,  had  the  atmosphere  no  existence.  It  thus  produces  a 
false  impresdon  respecting  their  places,  which  most  be  reotiSod  by  ascer- 
taining the  amount  and  direction  of  the  displacement  go  apparently  pro- 
duced on  each,  before  we  can  come  at  a  knowledge  of  the  true  directions 
in  which  they  are  situated  from  us  at  any  assigned  moment 

(39.)  Suppose  a  spectator  placed  at  A,  any  pbint  of  the  earth's  snrfitce 
K  A  k;  and  let  L  I,  M  m,  N  n,  represent  the  sttooenm  stnt«  or  layers, 
of  decreasing  density,  into  which  we  may  conceive  the  atmosphere  to  be 
divided,  and  which  ore  spherical  jnrfaces  ooncentric  with  K  i,  the  earth's 
surface.  Let  S  represent  a  star,  or  other  heavenly  body,  beyond  the  ut- 
most limit  of  the  atmosphere.  Then,  if  the  air  were  away,-  the  speetitor 
would  see  it  in  the  direction  of  the  straight  tine  A  8.  But,  in  reality, 
when  the  ray  of  light  S  A  reaches  the  atmosphere,  suppose  at  d,  it  will, 
by  the  laws  of  optics,  begin  to  bend  dotntwardt,  and  take  a  more  inclined 
direction,  as  d  c.  This  bending  will  at  first  be  imperceptible,  owing  to 
the  extreme  tennity  of  the  uppermost  strata;  but  as  it  advances  down- 
wards, the  strata  oontinnally  increasing  in  denn^,  it  will  continually 
undergo  greater  and  greater  rifnelitm  in  the  same  direction ;  and  thus, 
instead  of  pmrsning  the  straight  line  S  d  A,  it  will  deseribe  a  enrve  8  d  e 
i  a,  continBally  more  and  more  concave  downwuda,  uA^iSX.  rnkSiv  '^k 
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earth,  not  at  A,  but  at  a  oertam  point  a,  nearer  to  S.  This  nj,  conse- 
quently, will  not  reach  the  spectator's  eje.  The  raj  bj  which  he  will  see 
Uie  star  is,  therefore,  not  S  d  A,  but  another  raj  which,  had  there  been 
no  atmosphere,  would  have  struck  the  earth  at  K,  a  point  behind  the 
spectator;  but  which,  being  bent  bj  the  air  into  the  curve  S  D  C  B  A, 
actuallj  strikes  on  A.  Now,  it  is  a  law  of  optics,  that  an  object  is  seen 
in  the  direction  which  the  visual  raj  has  at  the  instant  of  arriving  at  the 
ejftf  without  regard  to  what  maj  have  been  otherwise  its  course  between 
ib^  object  and  the  eje.  Hence  the  star  S  will  be  seen,  not  in  the  direc- 
tion A  S,  bat  in  that  of  A  «,  a  tangent  to  the  curve  S  D  C  B  A,  at  A. 


Fig.  4. 


But  because  the  curve  described  bj  the  refracted  raj  is  concave  down- 
wards, the  tangent  A  s  will  lie  above  A  S,  the  unrefracted  raj :  conse- 
quentlj  the  object  S  will  appear  more  elevated  above  the  horizon  A  H, 
when  seen  through  the  refracting  atmosphere,  than  it  would  appear  were 
there  no  sjich  atmosphere.  Since,  however,  the  disposition  of  the  strata 
is  the  same  in  all  directions  around  A,  the  visual  raj  will  not  be  made  to 
deviate  laterally,  but  will  remain  constantly  in  the  same  vertical  plane, 
SAC,  passing  through  the  eje,  the  object,  and  the  earth's  centre. 

(40.)  The  effect  of  the  air's  refraction,  then,  is  to  raise  all  the  heavenlj 
bodies  higher  above  the  horizon  in  appearance  than  they  are  in  reality. 
Anj  such  bodj,  situated  actually  tit  the  true  horizon,  will  appear  above  it, 
or  will  have  some  certain  apparent  altitude  (aa  it  is  called).  Nay,  even 
some  of  those  actually  below  the  horizon,  ^d  which  would  therefore  be 
invisible  but  for  the  effect  of  refraction,  are,  by  that  effect,  raised  above  it 
and  brought  into  sight  Thus,  the  sun,  when  situated  at  P  below  the  true 
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boriioo,  A  H^  of  the  ipectator,  becomes  visible  to  liim,  as  if  it  stood  at 
p,  bj  the  refracted  ntj  P  7  r  (  A,  to  which  A  p  ig  »  tangent. 

(41.)  The  exact  eetimatioD  of  the  amonnt  of  atmospheric  refnction,  or 
the  strict  detenninatioD  of  the  angle  3  A  «,  by  which  %  celestial  object  at 
any  assigned  altitude,  H  A  S,  i)  raised  in  appeennce  above  its  true  place, 
ia,  no  fortunately,  a  rery  difficult  subject  of  physioal  inquiry,  and  one  on 
which  geometers  (fittm  whom  alone  we  oan  look  for  any  information  on 
the  subject)  are  not  ^  entirely  agreed.  The  difficulty  ariaea  from  this, 
that  the  dtmily  of  any  stratum  of  air  (on  which  its  refracting  power 
depends)  ia  affected  not  merely  by  the  saperineumbent  preasurc,  bat  also 
by  its  temperalnrt  or  degree  of  heat  Now,  altbongh  we  know  that  as 
we  recede  from  the  earth's  sur&oe  the  temperature  of  the  ur  is  constantly 
diminishing,  yet  the  taw,  or  amount  of  this  dimination  at  different  heights, 
it  not  yet  fully  asoertAined.  Moreorer,  the  refraeting  power  of  air  is  per- 
ceptibly affected  by  its  moitture;  and  this,  too,  ie  not  the  same  in  every 
part  of  an  oSrial  eolumn ;  neither  are  we  acquainted  with  the  laws  of  its 
distribntioQ.  The  oonseqnenoe  of  oar  ignorance  on  these  points  is  to 
■ntrodoce  a  oorresponding  degree  of  uncertainty  into  the  determination  of 
the  amount  of  refraction,  which  affecta,  to  a  certain  appredable  extent, 
oar  knowledge  of  BerenJ  of  the  most  important  data  of  astronomy. 
The  oDcertainty  thna  induced,  is,  however,  confined  within  such  very 
narrow  limits  as  to  be  no  oanse  of  embarrassment,  ezoept  in  the  most 
delicate  iaquiries,  and  to^all  tot  do  farther  allusion  in  a  treatise  like  the 

(42.)  A  "Table  of  Bcfraetion,"  as  it  is  called,  or  a  statement  of  the 
amonnt  of  apparent  displacement  arising  from  this  cause,  at  all  altitudes, 
or  in  every 'utnation  of  a  heavenly  body,  from  the  horiion  to  the  xenilh,' 
or  point  of  the  Aj  vertically  above  the  spectator,  and,  under  all  the 
circumstances  in  which  astronomical  obaervations  are  osoally  performed 
which  may  infloenoe  the  result,  is  one  of  the  most  important  and  indis- 
pensable of  all  astronomical  tables,  since  it  is  only  hy  the  use  of  such  u 
table  we  are  enabled  toget  ridof  an  illusion  which  must  otherwi^  pervert 
all  our  BOtioni  reelecting  the  oeleetial  motions.  Such  have  been,  accord- 
ingly, constraoted  with  great  care,  and  are  to  be  found  in  every  coUcctiuu 
of  astronomical  tables.  Our  design,  in  the  present  treatise,  will  ni)t 
admit  of  the  introdactioQ  of  tables;  and  we  must,  therefore,  content  our- 
selves here,  and  in  similar  cases,  with  referring  the  reader  to  works 
especially  destined  to  famish  these  useful  aids  to  calculation.     It  is,  how- 

'  Fiatn  an  Arabic  word  of  ihb  stKnificaiioo.    8e«  thjs  larm  techrncallr  defined  in 


OUTLINES   OF   ASTRONOMT. 

lo  that  ho  should  bear  in  mini  the  following  genorml  notin 
t,  and  law  uf  vartatioaa. 

la  the  stni'ih  there  is  no  refraotion.     A  celestkl  objeei, 
cally  over-head,  is  aeen^in  its  true  direction,  as  if  there  wtn 
re,  at  least  if  tbe  fir  be  tranqnil. 

descending  from  the  Sfnilh  to  the  horizon,  the  refraction  em- 
eases.     ObjecU  near  tbe  horiion  appear  more  elevated  bj  it 
rue  dircetioDS  than  those  at  a  high  altitude. 
e  ratf  at  its  increase  is  nearly  in  proportion  to  the  tangeot  of 

angular  disloDce  of  the  object  from  the  xenitb.     Bat  tkb 
is  not  for  from  the  truth,  at  moderate  zfxilh  distanctt,  oeua 
Tect   results  in  the  ricinitj  of  the  horizon,  wlicre  the  1« 
ch  more  conipiicaled  in  its  ezpres.sioa. 

c  average  amount  of  refraction,  for  an  object  half-way  betwMB 
nd  tie  horiion,  or  nt  on  apparent  altitude  of  45°,  is  abool  V 
y  57"),  a  quantity  hardly  pensible  to  the  naked  eye ;   but  tt 
oriiou  it  aniouDlB  to  no  less  a  quandty  than  33',  which  h 
than  the  greatest  apparent  diameter  of  either  the  enn  or  the 
Dec  it  follows,  that  when  we  see  the  lower  edge  of  the  sun  or 
pparfnl/ff  resting  on  the  horizon,  iU  whole  disk   is  in   reali^ 
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vonkl  not  otherwise  reach  oar  eyes  is  ioteroepted  in  its  conrse,  onil  tlirown 
Wk,  or  Uterally,  upon  as,  becomes  to  us  b  meiua  of  illuuiinition.  Such 
reflectiTe  obsUcIes  always  exist  floating  io  ilie  air.  The  whole  course  of  « 
nn-betm  penetratiog  throagh  the  chink  of  a  window-shatter  into  a  dark 
nooi  is  viMibU  as  a  bright  lino  in  the  air;  and  oven  if  it  he  stifled,  or  Ul 
m  throogh  an  opposite  crevice,  thft  light  scattered  through  the  apartment 
tnm  this  source  is  sufluuent  to  prevent  entire  darkness  IQ  the  room.  Tho  • ' 
Inminoas  lines  oocaakmallj  seen  in  the  air,  in  a  sky  fall  of  partially  bro- 
ken donda,  which  the  vulgar  term  "  the  sun  drawing  water,"  are  simi- 
liily  etosed.  They  are  sunbeams,  through  apertures  in  the  clonda,  par* 
tidly' intercepted  and  reflected  on  the  dust  and  vapours  of  the  air  below. 
Thus  it  is  with  those  solar  rays  which,  after  tbe  sun  is  itself  concealed  by 
ibe  convexity  of  the  earth,  continue  to  traverse  the  higher  regions  of  the 
itnMspbere  above  our  heads,  and  pass  through  and  out  of  it,  without  di- 
itetly  striking  on  the  earth  at  all.  Some  portion  of  them  ia  intercepted 
ind  reflected  by  the  floating  particles  above  mentioned,  and  thrown  back, 
V  Ulenlly,  so  as  to  reach  us,  and  afford  as  that  secondary  illumination. 

Kg.  6. 


vbich  is  twilight  The  conrse  of  sncb  rays  will  be  immediately  understood 
tnm  the  aanexod  flgore,  in  which  AB  C  D  is  the  earth  ;  A  a  point  on  its 
ni&ce,  where  the  snn  S  is  in  the  act  of  setting ;  its  last  lower  ray  SAM 
joat graiing  the  nir&ce  at  A,  while  its  superior  rays  S N,  SO,  traverse 
tbfl  atmosphere  above  A  without  striking  the  earth,  leaving  it  finally  at 
tW  points  P  Q  R,  after  beiog  more  or  less  bent  in  passing  through  it,  the 
li>v«r  most,  the  higher  less,  and  that  which,  like  8R0,  merely  gmzes 
the  eilerior  limit  of  tbe  atmosphere,  not  at  all  Let  us  con^der  several 
psiitt,  A,  B,  C,  D,  each  more  remote  than  the  last  from  A,  and  each  more 
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ved  in  the  earth's  shattote,  wlioh  occupies  tb«  whole  sfia 
eatb  tlic  lino  A  -M.    Now,  A  juat  receives  the  Bun's  last  diirt 
sides,  is  illinnioulod  by  the  whole  refleotire  atmospherB  PQ 
ereforo  receives  twjlighl  from  the  whole  sky.      The  pdnl  R 
e  sua  hus  set,  reccivas  no  direct  solar  light,  nor  any,  dired  <x 
m  all  that  part  of  ilt  vislbls  atraogphoro  which  b  below  APM; 
e  loDlicalar  portion  P  R  i,  which  is  traversed  by  the  sun's  bis 
ies  above  the  visible  horizon  ]i  R  of  B,  it  T«ceivca  a  twiiigiit,. 
ingest  at  R,  the  point  immedialel;  below  which   the  sdb  ii, 
way  gradually  Inwards  P,  as  the  laminoua  part  of  the  aifflo 
s  off.     At  C,  only  the  last  or  thinnest  portion,  PQs  of  th 

,  thea,  the  twilight  is  feeble,  and  confined  to  a  small  space  in 
e  horizon,  which  the  sun  baa  quitted,  while  at  D  the  twili|i<i 
Uogether. 

hen  the  snn  is  above  the  borison,  it  illuminates  the  atmosplien 
and  these  again  disperse  and  scatter  a  portion  of  its  light  id 
9,  so  as  to  send  sumo  of  its  rays  to  every  esposed  poiDt,  ftwi 
of  the  sky.     The  generally  diffused  light,  therefore,  which  ii 
daytime,  is  a  phenomenon  origiuatiug  in  the  very  same  cmm 
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Uits  of  mounUiiia  seen  from  tha  plains,  or  other  terrestrlil  Btationi  at 
dlfereDt  levels  leen  from  each  other,  imtnened  in  it.  Ever;  difference 
of  level,  accoDtpanied,  as  it  must  be,  with  a  diSerence  of  deoaity  in  the 
•Srial  strata,  must  also  have,  oorresponding  to  it,  a  certiun  amouat  of  ro- 
(raction;  less,  indeed,  tbaa  what  would  be  produced  bj  the  ithoh  atmo- 
sphere, but  still  often  of  verj  appreciable,  and  even  ooosiderablc,  amounL 
This  refraction  between  terrestrial  atationa  is  termed  temttrial  rrfraclion, 
Ip  distinguish  it  from  that  total  effect  which  is  only  produced  on  celestial 
objects,  or  such  as  are  beyond  tha  atmoepherc,  and  which  is  called  celes- 
tial or  aatranomical  refraction. 

(47.)  Another  effeot  of  refraction  is  to  distort  the  visible  forms  and 
proportions  of  objects  seen  near  tha  horiion.  The  snn,  for  instance,  which 
Rt  a  oonaiderable  altitode  always  appears  round,  assomes,  as  it  spproachM 
tbe  horiion,  a  flattened  or  oval  onttiue;  its  horiiontal  diameter  being  vi^ 
ibly  greater  than  that  in  a  vertical  direction.  When  very  near  the  horiiOD, 
this  flattening  is  evidently  mors  considerable  on  tha  lower  side  than  on  the 
apper ;  so  that  the  a^iarent  form  is  neithar  circnlar  dot  elliptic,  bat  a  spe- 
eies  of  oval,  which  deviates  more  from  a  circle  belnr  than  above.  This 
nngular  effect,  which  any  one  may  notioa  in  a  fine  snnset,  arises  from  tha 
rapid  rate  at  which  the  refraction  increases  in  approaching  the  horiion. 
Were  every  visible  point  in  the  snn'd  ciioumferenoe  equally  raised  ^7  'o- 
fraction,  it  would  still  appear  eiroular,  though  displaced;  but  the  lower 
portions  being  mor*  raised  than  the  upper,  tlie  verdoal  diameter  is  thereby 
shortened,  while  the  two  extremities  of  its  haiiiaiit&l  diameter  are  equally 
nised,  and  is  parallel  directions,  so  that  its  apparent  length  remains  the 
•ame.  Tha  dilafad  ue  (generally)  of  the  sun  or  moon,  when  seen  near 
the  horiion,  beyond  what  they  appear  to  have  when  high  np  in  the  sky, 
has  nothing  to  do  with  refraolioa.  It  is  an  illusion  of  the  jadgtnent,  , 
ariding  from  the  lerrestniil  objeots  interposed,  or  placed  in  close  compar- 
ison with  them.  In  that  situation  wo  view  and  judge  of  them  bs  we  do 
of  terrestrial  objects — in  detail,  and  with  an  acquired  faal»t  of  attention 
to  parts.  AlcA  we  have  no  associations  to  guide  us,  and  their  insulation 
in  the  expsnse  of  sky  leads  ns  rather  to  undervalue  than  to  over-rate  their 
•pparent  magnitudes.  Actual  meuurement  with  a  proper  instrument  cor- 
nets our  error^  without,  however,  dispelling  our  illnsioa.  By  this  we 
Xemra,  that  the  sun,  when  just  on  the  horiion,  subtends  at  our  eyes  almost 
exactly  the  same,  and  the  moon  a  materially  hit  angle,  than  when  seen 
ftt  s  great  altitods  in  the  sky,  owing  to  its  greater  distanoe  from  ns  in  the 
fbrmer  situation  as  compared  with  the  Utter,  as  will  be  explained  farther 

(48.)  After  what  has  been  said  of  the  small  extent  it  the  atmoipkere 
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ieon  with  the  mnss  i>f  tbe  eDfth,  wc  t^li.i'il   hava  Uttte  b«(iu^ 
ng  tbuse  luminaries  which  people  and  adorn  the  sky,  and  »hji 
y  obviously  form  no  part  of  tbe  cartb,  and  receive  no  snppm 
e  yet  not  borne  along  at  random  like  clouds  upon  the  sir,  H 
tbc  ninds,  to  be  extoruul  Ui  oar  atmosphere.      As  sucb  «e  In 
tlicm  while  speaking  of  tbeir  refractions  — as  existing  in  * 
f  of  space  bcjood,  and  situated,  perhap.*,  for  »ny  thing  we  a 
to  the  contrary,  at  cnormoas  distances  from  us  and  fmu  ai 

Could  a  Epecbitor  eiist  ansustained  by  the  earth,  or  aajtH 
e  would  see  around  him  at  one  view  tbe  whole  conUota  of  ijU 
ible  constituents  of  tbe  universe:  ond,  in  the  absence  of  ■; 
judging  of  tbeir  distances  from  bim,  would  refer  them,  ig  tt 
in  which  they  were  seen  from  his  station,  to  the  conc»«» 
itnoginary  sphere,  having  his  eye  for  a  centra,  and  its  stffe 

vast  indeterminate  distance.  Perhaps  ho  might  judge  tiw 
war  to  bim  large  and  bright,  to  be  nearer   to   him   thin  ik 

nd  less  brilliant;  but,  independent  of  other  means  of  jud^ 
liave  no  warrant  for  this  opinion,  any  more  than  for  tbe  M* 

were  ci^uidistant  from   him,  and  realli;  arranged    on  sui  i 

/A 
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of  the  horixoQ  will  bring  within  the  scope  of  vision  a  little  more  thnn  a 
kemispherey  and  refraction,  wherever  he  may  be  Bitoated,  will  enable  him 
Id  look,  as  it  were,  a  littlo  roand  the  corner ;  but  the  lone  thna  added  to 
ik  visaal  range  can  hardly  ever,  unless  in  very  extraordinary  ciroum« 
rtuoea,  exceed  a  couple  of  degrees  in  breadth,  and  is  always  ill  seen  on 
aflooont  of  the  vapours  near  the  horixon.  Unless,  then,  by  a  change  of 
ik  geographical  situation,  he  should  shift  his  horizon  (which  is  always  a 
phne  paasiDg  through  his  eye,  and  touching  the  spherical  convexity  of 
die  earth) ;  or  unless,  by  some  movements  proper  to  the  heavenly  bodies, 
they  shoald  of  themselves  come  above  his  horizon ;  or,  lastly,  unless,  by 
•one  rotation  of  the  earth  itself  on  it«  centre,  the  point  of  its  surface 
which  he  occupiea  should  be  carried  round,  and  presented  towards  a  dif- 
ferent region  of  space;  he  would  never  obtain  a  sight  of  almost  one  half 
die  ol^ta  external  to  our  atmosphere.  But  if  any  of  these  eases  be 
sappoeedi  more,  or  aU,  may  come  into  view  according  to  the  eircum- 


^  (51.)  A  traveller,  for  example,  shifting  his  locality  on  our  globe,  will 
obtain  a  view  of  celestial  objects  invisible  from  his  original  station,  in  a 
ny  which  may  be  not  inaptly  illustrated  by  comparing  him  to  a  person 
itanding  in  a  park  close  to  a  large  tree.  The  massive  obstacle  presented 
hj  its  trunk  cuts  off  his  view  of  all  those  parts  of  the  landscape  which  it 


* 

* 


it 

occupies  as  an  object ;  but  by  walking  round  it  a  complete  successive  view 
of  the  whole  panorama  may  be  obtained.  Just  in  the  same  way,  if  we 
set  off  from  any  station,  as  London,  and  travel  southwards,  we  shall  not 
fail  to  notice  that  many  celestial  objects  which  are  never  seen  from 
London  come  successively  into  view,  as  if  rising  up  above  the  horizon, 
night  after  night,  from  the  south,  although  it  is  in  reality  our  horison, 
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elling  wifb  us  BouthsrarJa  round  the  ephere,  dokfl  in  rdm!' 

aWy  brought  into   view  in   the  clear  calm   nights  of  ln|ml 
long  voj-agcB  to  the  Boutb,  is  dwelt  upon  b;  all  who  hm 

most  itelightful  and  intereatiog  of  the  asaociations  conanuJ 
sire  travel.     A  gkucc  at  the  uccompaoyiDg  figure,  esbibiiitj 
saive  stations  of  i  traveller,  A,  B,  C,  with  the  borijon  wm 
0  each,  will  place  ihia  process  in  clearer  evidence  thin  ni 

gain :  anppoac  the  earth  itself  to  have  a  luotioa  of  rotation  a 
It  is  cvidei^t  that  a  spectator  at  rest  (as  it  appears  to  bim 

t  of  it  wil1,-un perceived  b;  himself,  be  carried  round  withil: 
,  we  Bay,  because  bis  loriKon  will  constantly  coDtain,  and  It 
the  Mme  terrestrial  objects.     He  will  have  the  same  W 

taatly  before  his  eyes,  in  which  all  the  familiar  objects  iB  il 

e  bim  for  landmarks  and  directions,  retain,  with  resp«cl  * 
to  each  otber,  the  same  invariable  aituatione.  The  perfd 
and  equality  of  the  motion  of  so  va.-;!  a  mass,  in  whicb  e«rj 

sees  around  him  participates  alike,  will  (art.    15)  prevent  b^ 
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•dmit^Dg  into  view  tbe  former,  Bnd  Eoccesiively  biding  the  latlcr.  As 
tbe  horiian  of  ever;  such  apect&tor,  however,  appears  to  him  motionlosa, 
sll  sach  ehanges  will  bo  referred  by  him  to  ■  motion  id  the  objects  theo» 
selvea  so  Micoeaurely  disclosed  and  coDoealed.  In  place  of  his  hori>o« 
approoohiDg  the  stars,  therefore,  be  will  judge  tbe  stars  to  apptOAch  his 
hoiiion ;  and  when  it  passes  over  and  hides  anj  of  them,  he  will  consider 
thcin  as  having  ennk  below  it,  or  tet;  while  those  it  baa  just  diHtoeedt 
uid  from  which  it  ii  reoeding,  will  seem  to  be  rising  above  it. 

(54.)  If  we  nppo^  this  rotation  of  the  earth  h)  coDtinne  in  one  and 
the  same  direction, —  that  is  to  eay,  la  be  performed  ronnd  one  and  the 
■ame  axU,  till  it  has  eonpleled  an  entire  revolution,  and  oome  back  to  the 
position  from  which  it  set  ont  when  tbe  spectator  began  his  observatiooi, 
—  it  is  manifest  that  every  thing  will  then  bo  in  precisely  the  same  rela- 
tive pontion  as  at  tbe  outset :  all  the  heavenly  bodies  will  appear  to  occupy 
the  same  plaeaa  in  the  ooncave  of  the  sky  which  they  did  at  that  instant, 
csoept  such  as  may  have  actnaliy  moved  in  the  interim;  and  if  tbe  rota- 
tion BtJU  continne,  the  same  phenomena  of  their  ancoessive  rising  and 
setting,  and  return  to  the  same  places,  will  continue  to  be  repeated  in  tbe 
same  order,  and  (if  tbe  velocity  of  rotatian  be  noiform)  in  equal  intervals 
of  time,  ad  itfimiium. 

(55.)  Now,  in  this  we  have  a  lively  picture  of  that  grand  phenomenon, 

the  moat  important  beyond  all  comparison  which  nature  presents,  the  daily 

rising  and'sotting  of  tbe  sun  and  stars,  their  progress  through  the  vault 

of  the  heavens,  and  their  return  to  tbe  same  apparent  places  at  the  same 

honrs  of  tbe  day  snd  night     Tbe  accompliahment  of  this  restoration  in 

'    tbe  regular  interval  of  twenty-fonr  hours  is  the  first  instance  we  encounter 

'  of  that  great  law  of  periodicUg,'  which,  as  we  shall  see,  pervades  all 

'  astronomy ;  by  which  expression  we  understand  tbe  continual  reproduction 

of  the  same  phenomena,  in  the  same  order,  at  equal  intervals  of  time. 

(56.)  A  free  rotation  of  the  earth  round  its  centre,  if  it  exist  and  be 
|>erformed  in  consonance  with  the  same  mechanical  laws  which  obtain  in 
the  motions  of  masses  of  mutter  under  our  immediate  control,  and  wiihm 
our  Ordioarj  experience,  must  be  such  as  to  satisfy  two  essential  conditions. 
Xt  roust  bo  invariable  in  its  direction  leith  reiptcl  to  the  sphere  itself,  and 
uniform  in  its  velocity.  The  rotation  must  be  performed  round  an  axis 
or  diameter  of  the  sphere,  whose  folet  or  extremities,  where  it  meet«  tbe 
Bar&cc,  correspond  always  to  the  same  points  on  tbe  sphere.  Modes  of 
dotation  of  a  solid  body  under  tbe  influence  of  external  sgency  are  con- 
oeivaUe,  in  which  the  poles  of  tbe  imafpnoiy  line  or  axis  about  which  it 

■  OifUttt,  a  gtimg  raaarf,  a  dttnlalion  ec  nvolntion. 
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is  at  any  moment  revolving  shall  hold  no  fixed  places  on  the  surface,  but 
shift  upon  it  every  moment.  Such  changes,  however,  are  inconsistent 
with  the  idea  of  a  rotation  of  a  body  of  regular  figure  about  its  axis  of 
symmetry,  performed  in  free  space,  and  without  resistance  or  obstructioii 
from  any  surrounding  medium,  or  disturbing  influences.  The  complete 
absence  of  such  obstructions  draws  with  it,  of  necessity,  the  strict  fulfil- 
ment  of  the  two  conditions  above  mentioned. 

(57.)  Now,  these  conditions  are  in  perfect  accordance  with  what  we 
observe,  and  what  recorded  observation  teaches  us,  in  respect  of  the  diur- 
nal motions  of  the  heavenly  bodies.  We  have  no  reason  to  believe,  from 
history,  that  any  sensible  change  has  taken  place  since  the  earliest  ages  in 
the  interval  of  time  elapsing  between  two  successive  returns  of  the  same 
star  to  the  same  point  of  the  sky ;  or,  rather,  it  is  demonstrable  from 
astronomical  records  that  no  such  change  ha$  taken  place.  And  with 
respect  to  the  other  condition, — the  permanence  of  the  axis  of  rotation, 
— the  appearances  which  any  alteration  in  that  respect  must  produce, 
would  be  marked,  as  we  shall  presently  show,  by  a  corresponding  change 
of  a  very  obvious  kind  in  the  apparent  motions  of  the  stars ;  which,  again, 
history  decidedly  declares  them  not  to  have  undergone. 

(58.)  But,  before  wo  proceed  to  examine  more  in  detail  how  the  hypo- 
thesis of  the  rotation  of  the  earth  about  an  axis  accords  with  the  phe- 
nomena which  the  diurnal  motion  of  the  heavenly  bodies  offers  to  our 
notice,  it  will  be  proper  to  describe,  with  precision,  in  what  that  diurnal 
motion  consists,  and  how  far  it  is  participated  in  by  them  all ;  or  whether 
any  of  them  form  exceptions,  wholly  or  partially,  to  the  common  analogy 
of  the  rest.  We  will,  therefore,  suppose  the  reader  to  station  himself,  on 
a  clear  evening,  just  after  sunset,  when  the  first  stars  begin  to  appear,  in 
some  open  situation  whence  a  good  general  view  of  the  heavens  can  be 
obtained.  Ho  will  then  perceive,  above  and  around  him,  as  it  were,  a 
vast  concave  hemispherical  vault,  beset  with  stars  of  various  magnitudes, 
of  which  the  brightest  only  will  first  catch  his  attention  in  the  twilight; 
and  more  and  more  will  appear  as  the  darkness  increases,  till  the  whole 
sky  is  over-spangled  with  them.  When  he  has  awhile  admired  the  calm 
magnificence  of  this  glorious  spectacle,  the  theme  of  so  much  song,  and 
of  so  much  thought, —  a  spectacle  which  no  one  can  view  without  emotion, 
and  without  a  longing  desire  to  know  something  of  its  nature  and  purport, 
—  let  him  fix  his  attention  more  particularly  on  a  few  of  the  most  bril- 
liant stars,  such  as  he  cannot  fail  to  recognize  again  without  mistake  after 
looking  away  from  them  for  some  time,  and  let  him  refer  their  apparent 
situations  to  some  surrounding  ob|^ects,  as  buildings,  trees,  &c.,  selecting 
purposely  such  as  are  in  different  quarters  of  his  horizon.     On  comparing 
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diem  agtin  with  their  reepeothre  points  of  referenoe,  after  a  moderate 
iiitarvaly  as  the  night  advances,  he  will  not  fail  to  perceive  that  they  have 
ehanged  their  places,  and  advanced,  as  hy  a  general  movement,  in  a  west- 
wnrd  direction ;  those  towards  the  eastern  quarter  appearing  to  rise  or 
TCoede  from  the  horiion,  while  those  which  lie  towards  the  west  will  ho 
seen  to  approach  it;  and,  if  watched  long  enongh,  will,  for  the  most  part, 
finally  sink  beneath  it,  and  disappear;  while  others,  in  the  eastern  quarter^ 
will  be  seen  to  rise  as  if  out  of  the  earth,  and,  joining  in  the  general 
procession,  will  take  their  course  with  the  rest  towards  the  opposite 
quarter. 

(59.)  If  he  persist  for  a  considerable  time  in  watching  their  motions^ 
OQ  the  same  or  on  seven!  successive  nights,  he  will  perceive  that  each  star 
mppeon  to  describe,  as  far  as  its  eourse  lies  above  the  horizon,  a  cirele  in 
the  sky;  that  the  cifoles  so  described  are  not  of  the  same  magnitude  for 
•U  the  stars;  and  that  those  described  by  different  stars  diflfer  greatly  in 
nspeet  of  the  parts  of  them  which  lie  above  the  horiKm.  Some,  which 
lie  towards  the  quarter  of  the  horiaon  which  is  denominated  the  South/ 
only  remain  for  a  short  time  above  it,  and  disappear,  after  describing  in 
flight  only  the  small  upper  segment  of  their  diurnal  drde;  others,  which 
rise  between  the  south  and  east,  describe  larger  Agments  of  their  circles 
above  the  hqrixon,  remain  proportionally  longer  in  sight,  and  set  precisely 
as  fiur  to  the  westward  of  south  as  they  rose  to  the  eastward ;  while  such 
as  rise  exactly  in  the  east  remain  just  twelve  hours  visible^  describe  a 
■emictrole,  and  set  exactly  in  the  west  With  those,  again,  which  rise 
between  the  east  and  north,  the  same  law  obtains;  at  least,  as  far  n» 
ngards  the  time  of  their  remaining  above  the  horison,  and  the  proportion 
of  the  visible  s^ment  of  their  diumid  circles  to  their  whole  ciroum- 
ftrenoes.  Both  go  on  increasing;  they  remain  in  view  more  than  twelve 
hoars,  and  their  visible  diurnal  arcs  are  more  than  semicircles.  But  the 
magnitudes  of  the  circles  themselves  diminish,  as  we  go  from  the  east» 
northward;  the  greatest  of  all  the  circles  being  described  by  those  whieh 
rise  exactly  in  the  east  point  Carrying  his  eye  farther  northwards^  he 
will  notice,  at  length,  stars  which,  in  their  diurnal  motion,  just  graie  the 
horiaon  at  its  north  point,  or  only  dip  below  it  for  a  moment ;  while  others 
never  reach  it  at  all,  but  continue  always  above  it,  revolring  in  entiro 
droles  found  one  point  called  the  pole,  which  ai^KHurs  to  be  the  common 
centre  of  all  their  motions,  and  which  alone,  in  the  whole  heavens,  may 
be  considered  immoveable.  Not  that  this  point  is  marked  by  any  star. 
It  is  a  purely  imaginary  centre ;  but  there  is  near  it  one  considerably 

^  We  suppoM  our  obserrer  to  be  stationed  "in  lome  nortbeni  latitttde ;  some  where 
in  Euiope,  for  eiample. 
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\" 


I  culled  tlio  Pole  Star,  wbicb  is  easily  reoogainxl  bj  tbe  rery 

t  describes;  so  sm^l,  indeed,  that,  without  paying  particalu 

■d  roferriog  its  posiUoQ  very  nieejj  to  some  fixed  mark,  it  may 

Ipposed  ai  rest,  Bad  be,  itself,  mistaken  for  the  commou  centre 

y  all  the  others  in  that  region  describe  their  circles;  or  it  majr 

mfiguration  with  &  very  splcadid  and  remarkable  coH' 

I  group  of  stars,  called  by  astronomers  the  Great  Beab. 

f  will  further  obserre,  that  the  apparent  relative  situatioDB  of 

\  among  one  another,  is  not  changed  by  their  diurnal  motion. 

t  parts  of  their  circles  they  are  observed,  or  at  whatever  hour 

t,  they  form  with  each  other  the  same  identical  groups  or  con- 

0  which  the  name  of  constellations  has  been  given.     It 

,  in  different  parts  of  their  coiirae,  these  groups  stand  dif- 

h  respect  to  the  horiion ;  and  those  towards  the  north,  when 

e  of  their  diurnal  movement  they  pass  alternately  above  and 

n  centre  of  motion  described  in  the  last  article,  become 

lerted  with  respect  to  the  horizon,  nbile,  on  the  other  hand, 

n  turn  the  same  points  towards  the  pole.     In  short,  be  will 

Kt  tbe  whole  assemblage  of  stars  visible  at  once,  or  in  succes- 

n  heavens,  may  be  regarded  as  one  great  consignation,  which 

<  if  it  foriDod  que  coherent 
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(See  art  49.)  There  is  always,  therefore  (he  would  joatlj  argue),  a  star- 
bespangled  canopy  over  his  head,  by  day  as  well  as  by  night,  only  that 
the  glare  of  daylight  (which  Jie  perceives  gradually  to  efboe  the  stan  as 
the  moniing  twilight  comes  on)  prevents  them  from  being  seen.  .  And 
■iieh  is  really  the  case.  The  stars  actually  continue  visible  through  teles- 
eopes  in  the  day-time ;  and,  in  proportion  to  the  power  of  the  instrument, 
not  only  the  largest  and  brightest  of  them,  but  even  those  of  inferior 
lustre,  such  as  scarcely  strike  the  eye  at  night  as  at  all  conspicuous,  are 
readily  found  and  followed  even  at  noonday, — unless  in  that  part  of  the 
■ky  which  is  very  near  the  sun, —  by  those  who  possess  the  means  of 
pointing  a  telescope  accurately  to  the  proper  places.  Indeed,  from  the 
bottoms  of  deep  narrow  pits,  such  as  a  well,  or  the  shaft  of  a  mine,  such 
bright  Stan  as  pass  the  zenith  may  even  be  discerned  by  the  naked  eye ; 
Mid  we  have  ourselves  heard  it  stated  by  a  celebrated  optician,  that  the 
earliest  ciroumstance  which  drew  his  attention  to  astronomy  was  the 
regular  appearance,  at  a  certain  hour,  for  several  successive  days,  of  a 
eoDsiderable  star,  through  the  shaft  of  a  chimney.  Venus  in  our  climate, 
and  even  Jupiter  in  the  clearer  skies  of  tropical  countries,  are  often 
▼isible,  without  any  artificial  aid,  to  the  naked  eye  of  one  who  knows 
Beariy  where  to  look  for  them.  During  total  eclipses  of  the  sun,  the 
laiger  stars  also  appear  in  their  proper  situations. 

(62.)  But  to  return  to  our  incipient  astronomer,  whom  we  left  contem- 
plating the  sphere  of  the  heavens,  as  completed  in  imagination  beneath 
his  feet,  and  as  rising  up  from  thence  in  its  diurnal  course.  There  is  one 
portion  or  segment  of  this  sphere  of  which  he  will  not  thus  obtain  a  view. 
As  there  is.  a  segment  towards  the  north,  adjacent  to  the  pole  above  his 
horiion,  in  which  the  stars  never  set,  so  there  is  a  corresponding  segment, 
about  which  the  smaller  circles  of  the  more  southern  stars  are  described, 
in  which  they  never  rite.  The  stars  which  border  upon  the  extreme 
circumference  of  this  segment  just  grace  the  southern  point  of  his  hori- 
■on,  and  show  themselves  for  a  few  moments  above  it^  precisely  as  thoee 
Bear  the  circumference  of  the  northern  segment  grace  his  northern  hori- 
ion, and  dip  for  a  moment  below  it,  to  re-appear  immediately.  Every 
point  in  a  spherical  sur&ce  has,  of  course,  another  diametrically  opposite 
to  it;  and  as  the  spectator's  horison  divides  his  sphere  into  two  hemi- 
ffpheres — a  superior  and  inferior  —  there  must  of  necessity  exist  a  de- 
pressed pole  to  the  south,  corresponding  to  the  elevated  one  to  the  north, 
and  a  portion  surrounding  it^  perpetually  beneath^  as  there  is  anotner 
surrounding  the  north  pole^  perpetually  Above  it 

"  Hie  Tertez  nobis  temper  subliiim ;  at  illam 
6nb  pcdibnt  noz  tin  videt,  manatqne  profundi'*— VneiL. 
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^QUlMitly  invisible  to  kim ;  ftnd  tnce  vertd,  those  stars  wbich  at  bis  fonner 
•tation  he  neTer  saw,  he  will  now  never  cease  to  see. 

(06.)  j^nallj,  if,  instead  of  advancing  sonthwards  from  bis  first  station, 
Im  travel  northwards,  be  will  observe  the  northern  pole  of  the  heavens  to 
baeome  more  elevated  above  bis  horieon,  and  the  southern  more  depressed 
below  it  In  oonsequenoe,  bis  hemisphere  will  present  a  less  variety  of 
Stars,  because  a  greater  proportion  of  the  whole  snrfkoe  of  the  heavens 
VBBiains  constantly  visible  or  constantly  invisible :  the  circle  described  by 
«ub  star,  too^  becomes  more  nearly  parallel  to  the  borixon ;  and,  in  short, 
•fvry  appearance  leads  to  suppose  that  could  he  travel  fbr  enough  to  the 
north,  be  would  at  length  attain  a  pcnnt  verticdOy  wider  iht  northern  pole 
nf  the  heavens,  at  which  none  of  the  stars  would  either  rise  or  set,  but 
woold  dioulste  round  the  borison  in  circles  parallel  to  it.  Many 
have  been  made  to  reach  this  point,  which  is  called  the  north 
pole  of  the  earth,  but  hitherto  without  success ;  a  barrier  of  almost  insur- 
mountable difficulty  being  presented  by  the  increasing  rigour  of  the 
climate :  but  yi  very  near  approach  to  it  has  been  made ;  and  the  pheno- 
mena of  thoee  regions,  though  not  precisely  such  as  we  have  described  as 
what  must  subsist  at  the  pole  itself,  have  proved  to  be  in  exact  correspon- 
denoe  with  its  near  proximity.  A  similar  remark  applies  to  the  south 
pole  of  the  earth,  which,  however,  is  more  unapproachable,  or,  at  least, 
has  been  less  nearly  approached,  than  the  north. 

(67.)  The  above  is  an  account  of  the  phenomena  of  the  diurnal  motion 
tt  the  stars,  as  modified  by  different  geographical  situations,  not  grounded 
on  any  speculation,  but  actually  observed  and  recorded  by  travellers  and 
"voyagers.  It  is,  however,  in  complete  accordance  with  the  hypothesis  of 
m  rotation  of  the  earth  round  a  fixed  axis,  tn  order  to  show  this,  how- 
eter,  H  wiQ  be  necessary  to  premise  a  few  observations  on  parallactic 
MoftoA  In  general,  and  on  the  appearances  presented  by  an  assemblage  of 
remote  objects,  when  viewed  from  different  parts  of  a  smaH  and  circum- 
aonbed  station. 

(68.)  It  has  been  shown  (art.  16)  that  a  spectator  in  smooth  motion, 
and  surrounded  by,  and  forming  part  of,  a  great  system  partaking  of 
the  same  motion,  is  unconscious  of  his  own  movement,  and  transfers  it  in 
Idea  to  objects  external  and  unconnected,  in  a  contrary  direction ;  those 
which  he  leaves  behind  appearing  to  recede  from,  and  those  which  he 
advances  towards  to  approach,  him  Not  only,  however,  do  external 
oljeots  at  rest  appear  in  motion  generally,  with  respect  to  ourselves  when 
we  are  in  motion  among  them,  but  they  appear  to  move  one  among  the 
other — they  shift  their  rdative  apparent  places.  Let  any  one  travelling 
rapidly  along  a  high  road  fix  his  eye  steadily  on  any  object^  but  at  the 
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daik  nighty  for  instance,  when  all  intermediate  objects  are  unseen,  the 
apparent  relative  movement  of  two  lights  which  we  are  assured  are  them- 
■elves  fixed,  will  decide  as  to  their  relative  proximities.  That  which  seems 
to  advance  with  us  and  gain  upon  the  other,  or  leave  it  behind  it,  is  the 
fiuriheat  from  us. 

(70.)  The  apparent  angular  motion  of  an  object,  arising  from  a  change 
of  our  point  of  view,  is  called  in  general  parallax,  and  it  is  always  ex- 
pnand  by  the  angle  APB  subtetided  at  the  object  P  (see  fig.  of  art.  68) 
by  a  line  joining  the  two  points  of  view  A  B  under  consideration.  For 
U  is  evident  that  the  difference  of  angular  position  of  P,  with  respect  to 
tbe  invariable  direction  ABD,  when  viewed  from  A  and  from  B,  is  the 
difirenoe  of  the  two  angles  DBP  and  DAP ;  now,  DBP  being  the  exte- 
rior angle  of  the  triangle  ABP,  is  equal  to  the  sum  of  the  interior  and 
opposite,  DBP  =  DAP  +  APB,  whence  DBP  —  DAP  =  APB. 

(71.)  It  follows  from  what  has  been  said  that  the  amount  of  parallactic 
motion  arising  from  any  given  change  of  our  point  of  view  is,  casteru 
j^aribnsj  less,  as  the  distance  of  an  object  viewed  is  greater;  and  when 
that  distance  is  extremely  great  in  comparison  wit||  the  change  in  our 
point  of  view,  the  parallax  becomes  insensible ;  or,  in  other  words,  objects 
do  not  appear  to  vary  in  situation  at  all.  It  is  on  this  principle,  that  in 
alpine  regions  visited  for  the  first  time  we  are  surprised  and  confounded 
at  the  little  progress  we  appear  to  make  by  a  considerable  change  of 
place.  An  hour's  walk,  for  instance,  produces  but  a  small  parallactic 
ehaoge  in  the  relative  situations  of  the  vast  and  distant  masses  which 
anrround  us.  Whether  we  walk  round  a  circle  of  a  hundred  prds  in 
diameter,  or  merely  turn  ourselves  round  in  its  centre,  the  distant  pano- 
nma  presents  almost  exactly  the  same  a^>ect, — we  hardly  seem  to  have 
changed  our  point  of  view. 

(72.)  Whatever  notion,  in  other  respects,  we  may  form  of  the  stars,  it 
is  quite  clear  they  must  be  immensely  distant  Were  it  not  so,  the  appa- 
rent angular  interval  between  any  two  of  them  seen  over-head  would  be 
jnoch  greater  than  when  seen  near  the  horizon,  and  the  constellations, 
instead  of  preserving  the  same  appearances  and  dimensions  during  their 
whole  diurnal  course,  would  appear  to  enlarge  as  they  rise  higher  in  the 
Bky»  as  we  see  a  small  cloud  in  the  horizon  swell  into  a  great  over- 
shadowing canopy  when  drifted  by  the  wind  across  our  zenith,  or  as  may 
be  seen  in  the  annexed  figure,  where  a  6,  A  B,  a  6,  are  three  different 
positions  of  the  same  stars,  as  they  would,  if  near  the  earth,  be  seen 
from  a  spectator  S,  under  the  visual  angles  aSb^  ASB.  No  such  change 
of  apparent  dimension,  however,  is  observed.  The  nicest  measurements 
of  the  apparent  angular  distance  of  any  two  ttan  inter  «0,  taken  in  any 
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Fig.  9. 


Astanee  of  flie  stars  from  the  earth  cannot  be  so  small  as  100,000  of  the 
earth's  dSameters.  It  is,  indeed,  incoinparablj  greater ;  for  we  shall  here- 
sfker  ifaid  it  fblly  demonstrated  that  the  distance  just  named,  immense  as 
ft  may  appear,  is  yet  much  underrated. 

(74.)  From  such  a  distance,  to  a  spectator  with  our  faculties,  and 
fitmished  with  our  instruments,  the  earth  would  be  imperceptible ;  and, 
redprocally,  an  object  of  the  earth's  size,  placed  at  the  distance  of  the 
stars,  would  bs  equally  undiscemible.  If,  therefore,  at  the  point  on  which 
a  spectator  stands,  we  draw  a  plane  touching  the  globe,  and  prolong  it  in 
imagination  till  it  attain  the  region  of  the  stars,  and  through  the  centre 
of  the  earth  conceive  another  plane  parallel  to  the  former,  and  co-extensivc 
with  it,  to  pass;  these,  although  separated  throughout  their  whole  extent 
bj  the  same  interval,  viz.,  a  semi-diameter  of  the  earth,  will  yet,  on  ac- 
eoont  of  the  vast  distance  at  which  that  interval  is  seen,  be  confounded 
together,  and  nndistinguishable  from  each  other  in  the  region  of  the  stars, 
when  viewed  by  a  spectator  on  the  earth.  The  zone  they  there  include 
will  be  of  evanescent  breadth  to  his  eye,  and  will  only  mark  out  a  great 
circle  in  the  heavens,  one  and  the  same  for  both  the  stations.  This  great 
ittrole,  when  spoken  of  as  a  circle  of  the  sphere,  is  called  the  celestial  hort- 
won  or  simply  ^  horizon,  and  the  two  planes  just  described  are  also  spoken 
of  as  the  mntihU  and  the  rational  horizon  of  the  observer's  station. 

(75.)  From  what  has  been  said  (art.  73)  of  the  distance  of  the  stars, 
it  ibllo¥FB,  that  if  we  suppose  a  spectator  at  the  centre  of  the  earth  to  have 
fats  view  bounded  by  the  rational  horizon,  in  exactly  the  same  manner  as 
that  of  a  corresponding  spectator  on  the  surface  is  by  his  sensible  horizon, 
the  two  observers  will  see  the  same  stars  in  the  same  relative  situations, 
each  beholding  that  entire  hemisphere  of  the  heavens  which  is  above  the 
oelestial  horizon^  corresponding  to  their  common  zenith.     Now,  so  far  as 


OUTLINES    OF    ASTnOKOHr. 

go,  it  ia  clejirlj  the  same  thing  whether  the  heavens,  that  is, 
,h  its  coutcnts,  revolve  round  a  spectator  al  rest  ia  the  earth'i 
letbor  that  speolator  simply  turn  rouud  in  tlia  opposite  direo> 

mt,  as  referred  to  his  horiion  (whioh  must  be  supposed  to 
ai),  will  be  the  same  in  both  suppositions.    And  since,  as  has 
appearances  arc  also,  so  far  as  the  stars  are  concerned,  the 
ectator  on  the  surface  as  to  one  at  the  centre,  it  follotvs  that, 
suppose  the  heavens  to  revolve  without  the  earth,  or  the  earth 
eavens,  in  die  opposite  direction,  the  diurnal  phenomenon,  to 
laats,  will  be  no  way  different. 

1  Ciipemican  astronomy  adopts  the  latter  aa  the  true  cxplana- 
:  phenomena,  avoiding  thereby  the  necesiiity  of  otherwise  re- 
he  cumbrous  luechanisai  of  a  solid  but  invisible  sphere,  to 
tars  must  be  supposed  attached,  in  order  that  they  may  be 
d  the  earth  without  derangement  of  their  relative  situations 
tch  a  contrivance  would,  indeed,  suffice  to  explain  the  diurnal 
'  the  stars,  so  as  to  "save  appearances;"  but  the  movBmenta 
id  moon,  as  well  as  those  of  the  planets,  are  incompatibb  with 
isition,  us  will  appear  when  we  come  to  treat  of  these  bodies. 
!r  bund,  that  a  spherical  mass  of  moderate  dimensions  (or, 
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al  Moount  of  iba  afipearanoes  they  suooessivelj  present, —  that  is  to  saj, 
ao  •oooant  of  which  the  several  parts,  postalatcs,  propositioDs,  dedactions, 
intelligibly  cohere,  without  contradictiDg  each  other  or  the  nature  of  things 
•0  oondoded  from  experience.  In  this  view  of  the  Copcrnican  doctrine 
il  is  nther  a  geometrical  conception  than  a  physical  theory,  inasmuch  as  it 
nnply  assumes  the  requisite  motions,  without  attempting  to  explain  th^ir 
uaolumical  origin,  or  assign  them  any  dependence  on  physical  causes.  The 
Newtonian  theory  of  gravitation  supplies  this  deficiency,  and,  by  showing 
that  all  the  motions  required  by  the  Copemican  conception  must,  and  that 
no  others  can,  result  from  a  single,  intelligible,  and  very  simple  dynamical 
law,  has  given  a  degree  of  certainty  to  this  conception,  as  a  matter  of  fact, 
which  attaches  to  no  other  creation  of  the  human  mind. 

(78.)  To  understand  this  conception  in  its  further  developments,  the 
reader  most  bear  steadily  in  mind  the  distinction  between  rdative  and  a5- 
mfkUe  motion.  Nothing  is  easier  to  perceive  than  that,  if  a  spectator  at 
voat  Tiew  a  certain  number  of  moving  objects,  they  will  group  and  arrange 
themselves  to  hit  e^  at  each  successive  moment,  in  a  very  different  way  from 
what  they  woold  do  were  he  in  active  motion  among  them, — if  he  formed 
one  of  them,  for  instance,  and  joined  in  their  dance.  This  is  evident  from 
what  has  been  said  before  of  parallactic  motion ;  but  it  will  be  asked.  How 
ii  mieh  a  (Spectator  to  disentangle  from  each  other  the  two  parts  of  the 
apparent  motions  of  these  external  objects,  —  that  which  arises  from  the 
aftet  of  his  own  change  of  place,  and  which  is  therefore  only  apparent 
(or,  as  a  German  metaphysician  would  say,  mbjective — having  reference 
only  to  him  as  perceiving  it), — and  that  which  is  real  (or  objective — hav- 
ing a  poeitiva  existence,  whether  perceived  by  him  or  not)  ?  By  what 
role  is  he  to  ascertain,  from  the  appearances  presented  to  him  while  him* 
aalf  in  motion,  what  vxmld  be  the  appearances  were  ho  ^t  rest?  It  by 
no  meads  foUows,  indeed,  that  he  would  even  then  at  once  obtain  a  clear  con- 
oeption  of  all  the  motions  of  all  the  objects.  The  appearances  so  presented 
to  him  would  have  still  something  mbjective  about  them.  They  would  be^ 
atill  ajipeartmeeif  not  geometrical  realities.  They  would  still  have  a  refe- 
lence  to  the  point  of  view,  which  might  be  very  unfavourably  situated 
(as,  indeed,  is  the  case  in  our  system)  for  affording  a  clear  notion  of  the 
real  movement  of  each  object  No  geometrical  figure,  or  curve,  is  seen 
by  the  eye  as  it  is  conceived  by  the  mind  to  exist  in  reality.  The  laws 
of  perspective  interfere  and  alter  the  apparent  directions  and  foreshorten 
the  dimensions  of  its  several  parts.  If  the  spectator  be  unfav(Turably 
atnated,  as,  for  instance,  nearly  in  the  plane  of  the  figure  (which  is  the 
we  have  to  deal  with),  they  may  do  so  to  such  an  extent^  as  to  make 
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upon  a  point  equally  related  to  all,  as  the  common  point  of  reference ; 
and  this  can  be  no  other  than  the  centre  of  the  globe  itself.  The  paral- 
lactic change  of  apparent  place  which  would  arise  in  an  object,  could  any 
observer  tnddenly  transport  himself  to  the  centre  of  the  earth,  is  evidently 
the  angle  C  S  P,  subtended  on  the  object  S  by  that  radius  C  P  of  the 
earth  which  joins  the  centre  and  the  place  P  of  observation. 


Fig.  10. 
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CHAPTER  II. 

QY    AND     ELEMENTARY    GEOMETRICAL    COKCEPTI0N8    ASD 
N8.  — TERMINOLOQT    BELATISG     TO    THE    OWBE     OF     TQC 
-TO  THE  CELESTIAL  SPHERE,  —CELESTIAL  rERSPKCTlVE. 

iVBRAL  of  tho  terms  in  ubo  among  astronomers  have  been  ci- 

inguftge  of  every  subject  requires  to  be  forraallj  staled,  both 
acy  of  uMge  and  definitencss  of  conception.     We  sball  tbere- 
i,  in  the  first  plaice,  to  defioe  a  number  of  terms  in  perpctoal 

relation  to  the  globe  of  the  earth  nnd  the  cek'Stial  sphere. 
ION  1.     The  axi»  of  the  earth  is  that  diameter  about  which 

with  a  uniform  motion, /roni  icrtt  to  east;  performing  one 
in  the  interral  which  elapses  belwcen  any  star  leatiog  a  cer- 
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(88.)  DsF.  7.  The  latitude  of  a  place  on  the  earth's  sor&oe  is  its. 
uigakr  distance  from  the  equator,  measured  on  its  own  terrestrial  meri- 
dian :  it  is  reckoned  in  degrees,  minutes,  and  seconds,  from  0  up  to  90^, 
and  northwards  or  southwards  according  to  the  hemisphere  the  place  lies 
in.  Thus,  the  observatory  at  Greenwich  is  situated  in  51^  28'  40"  north 
latitude.  This  definiUon  of  latitude,  it  will  be  observed,  is  to  be  con- 
sidered as  only  temporary.  A  more  exact  knowledge  of  the  physical 
Btmcture  and  figure  of  the  earth,  and  a  better  acquaintance  with  the 
nioeties  of  astronomy,  will  render  some  modification  of  its  terms,  or  a 
different  manner  of  considering  it,  necessary. 

(89.)  DxF.  8.  Parallels  of  latitude  are  small  circles  on  the  earth's 
Borlhiee  parallel  to  the  equator.  Every  point  in  such  a  circle  has  the 
nme  latitude.  Thus,  Greenwich  is  said  to  be  situated  in  theparaUel  of 
bV  28'  40". 

(90.)  Dkf.  9.  The  longitude  of  a  place  on  the  earth's  surface  is  the 
inctination  of  'its  meridian  to  that  of  some  fixed  station  referred  to  as  a  \ 
pdnt  to  reckon  from.  English  astronomers  and  geographers  use  the  ob-  ' 
•ervatoiy  at  Greenwich  for  this  station ;  foreigners,  the  principal  observa- 
tories of  their  respective  nations.  Some  geographers  have  adopted  the 
island  of  Ferro.  Hereafter,  when  we  speak  of  longitude,  we  reckon  from 
Greenwich.  The  longitude  of  a  place  is,  therefore,  measured  by  the  arc 
of  the  equator  intercepted  between  the  meridian  of  the  place  and  that  of 
Greenwich ;  or,  which  is  the  same  thing,  by  the  spherical  angle  at  the 
pole  included  between  these  meridians. 

(91.)  As  latitude  is  reckoned  north  or  south,  so  longitude  is  usually 
sud  to  be  reckoned  west  or  east.  It  would  add  greatly,  however,  to  sys- 
tematic regularity,  and  tend  much  to  avoid  confusion  and  ambiguity  in 
eonpntationsi  were  this  mode  of  expression  abandoned,  and  longitudes 
reckoned  invariably  westward  from  their  origin  round  the  whole  circle 
from  0  to  860®.  Thus,  the  longitude  of  Paris  is,  in  common  parlance, 
either  2*»  20'  22"  east,  or  357*^  39'  38"  west  of  Greenwich.  But,  in  the 
sense  in  which  we  shall  henceforth  use  and  recommend  others  to  use  the 
term,  the  latter  is  its  proper  designation.  Longitude  is  also  reckoned  in 
time  at  the  rate  of  24  h.  for  360®,  or  15®  per  hour.  In  this  system  the 
longitude  of  Paris  i8.23h.  50m.  SS^s.* 

(92.)  Knowing  the  longitude  and  latitude  of  a  place,  it  may  be  laid 
down  on  an  artificial  globe;  and  thus  a  map  of  the  earth  may  be  con- 

'  To  distingauh  minutot  and  seconds  of  time  from  those  of  onf^ular  measure  wt 
■Ul  invariably  adhere  to  the  distinct  system  of  notation  here  adopted  (°  ' ",  and  h.  m. 
a.)  Great  confusion  sometimes  arises  from  the  practice  of  using  the  same  marks 
far  both. 
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ilaps  of  porticukr  cooDtrics  are  dctaclicd  portions  of  title 

f  such  portions,  csecatcd  according  lo  certniD  coDventional 
rules,  eallfld  prfyWuma,  the  object  of  which  is  either  to 
tie  OS  possible  the  outlines  of  countries  from  what  they  are 
; — or  to  cstablith  easy  meana  of  imeerfaining,  bj  inEpection  or 
leasurement,  the  latitudes  and   longitudes  of  places  which 
m,  without  referring  to  the  globe  or  to  bookB  — or  for  other 
i.     See  Chop.  TW- 
IT. 10.  The  Trop!f:s  are  two  parallels  of  latitude,  one  on  the 
ibe  other  on  the  eonih  side  of  the  equator,  over  every  pdnt 
■spediTelv^  the  sun  in  its  diurnal  course  passes  TerlJcally  on 

Uanh  and  the  'lUt  of  SapuiinW  in  cTery  year.     Their 
:  about  23"  28'  respecliTcly,  north  and  soulh. 
;f.  11.  The  Arctic  and  Antarctic  circles  are  two  small  circles 
of  latitude  as  distant  from  the  north  and  south  poles  as  the 
rom  the  equator,  that  is  to  say,  about  23°  28' ;  their  latitudes, 
re  aboat  66"  32'.     We  say  alo,,/,  for  the  places  of  these 
if  the  tropics  are  continually  shifting  on  the  earth's  surface, 

extreme  slowness,  as  will  be  explained  in  its  proper  pluce. 
F.  12.  The  sphere  of  the  heavens  or  of  the  stars  is  aa  ima- 
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tronomers,  the  equinoctial,  is  a  great  circle  of  the  celestial  sphere,  marked 
out  by  the  indefinite  extension  of  the  plane  of  the  terrestrial  equator. 

(98.)  Dew.  15.  The  celestial  horizon  of  any  place  is  a  great  circle  of 
the  sphere  marked  out  by  the  indefinite  extension  of  the  plane  of  any 
spectator's  setuihle  or  (which  comes  to  the  same  thing  as  will  presently 
be  shown,)  his  rational  horizon,  as  in  the  case  of  the  equator. 

(99.)  Def.  16.  The  zenith  and  nadir  ^  of  a  spectator  are  the  two 
points  of  the  sphere  of  the  heavens,  .vertically  over  his  head,  and  verti- 
cally under  his  feet,  or  the  jpoks  of  the  celestial  horizon ;  that  is  to  say, 
points  90^  distant  from  every  point  in  it. 

(100.)  Djef.  17.  Vertical  circles  of  the  sphere  are  great  circles  passing 
through  the  zenith  and  nadir,  or  great  circles  perpendicular  to  the  horizon. 
On  these  are  measured  the  altitudes  of  objects  above  the  horizon  —  the 
complements  to  which  are  their  zenith  distances. 

(101.)  Def.  18.  The  celestial  meridian  of  a  spectator  is  the  great  circle 
marked  out  on  the  sphere  by  the  prolongation  of  the  plane  of  his  terres- 
trial meridian.  K  the  earth  be  supposed  at  rest,  this  is  a  fixed  circle,  and 
all  the  stars  are  carried  across  it  in  their  diurnal  courses  from  east  to  west. 
If  the  stars  rest  and  ^e  earth  rotate,  the  spectator's  meridian,  like  his 
horizon  (art.  52),  sweeps  daily  across  the  stars  from  west  to  east.  When- 
ever in  future*  we  speak  of  the  meridian  of  a  spectator  or  observer,  we 
intend  the  celestial  meridian,  which  being  a  circle  passing  through  the 
poles  of  the  heavens  and  the  zenith  of  the  observer,  is  necessarily  a  verti- 
cal circle,  and  passes  through  the  north  and  south  points  of  the  horizon. 

(102.)  Def.  19.  The  prime  vertical  is  a  vertical  circle  perpendicular  to 
the  meridian,  and  which  therefore  passes  through  the  east  and  west  points 
of  the  horizon.  ,         iK.   ;    j- , 

(103.)  Def.  20.  Azimuth  is  the  angular  distance  or  a  celestial  obje<ct 
from  the  north  or  south  point  of  the  horizon  (according  as  it  is  the  north 
or  south  pole  which  is  elevated),  when  the  object  is  referred  to  the  horizon 
by  a  vertical  circle;  or  it  is  the  angle  comprised  between  two  vertical 
planes — one  passing  through  the  elevated  pole,  the  other  through  the 
object  Azimuth  may  be  reckoned  eastwards  or  westwards,  from  the 
north  or  south  point,  and  is  usually  so  reckoned  only  to  180^  cither  way. 
Bat  to  avoid  confusion,  and  to  preserve  continuity  of  interpretation  when 
algebnuc  symbols  are  used  (a  point  of  essential  importance,  hitherto  too 
little  insisted  on),  we  shall  always  reckon  azimuth  from  the  points  of  the 
hoiiion  most  remote  from  the  elvvatvd  pole,  westward  (so  as  to  agree  in 
general  directions  with  the  apparent  diurnal  motion  of  the  stars),  and 

■  Prom  Arabic  wordf.    Nadir  corresponda  eTidentljr  to  the  German  nieder^  (do^in,) 
wlMnce  our  netluT, 
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ctoning  from  0"  to  S60=  if  always  reckoned  poHtiye,  consider- 
.irard  reckoning  as  negative. 

tEF.  21.  The  altitude  of  a  heavenly  body  is  its  apparent  angntar 
lOve  the  borisoD.     It  is  the  complement  to  90°,  therefore,  of 
ialance.     The  attitude  and  aiimuth  of  an  object  being  known, 

the  visible  bcuvena  is  determined. 

)ef.  22.     The  declination  of  a  heavenly  body  is  its  angular 
m  the  equiooctial  or  oelestial  equator,  or  tie  complement  to 
angular  distance  from  the  nearest  pole,  which  latter  dialance  Is 
Pblnr   JiKtaii'-e..      Declinations  are   reckoned  plat   or   tntitiw, 
IB  the  object  is  situated  in  the  northern  or  sonthero  oelwlial 
.      iWar  ditlancet  are  always  reckoned  from  the  North  Pole, 

to  180°,  by  which  all  doubt  or  ambiguity  of  expression  wifli 
ign  is  avoided. 

)Ec.  23.     Hour  circles  of  the  sphere,  or  circles  of  declination, 
rclcs  po-ising  through  the  poles,  and  of  course  perpendicular  to 
itial.     The  hour  circle,  passing  through  any  particular  heavenly 
s  to  refer  it  to  a  point  in  the  equinoctial,  as  a  vertical  circle 
9int  in  the  horiEon. 

)ef.  24.     The  hour  angle  of  a  heavenly  body  is  the  angle  at 
iluded  between  the  hour  circle  passing  through  the  bixly,  and 
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(110.)  Sidereal  (un«  is  reckoned  by  the  ^lonMl  9WHkp  fff  itjbe  ^xt^ 
w  lather  ti  (hat  poiiit  in  the  equinoctial  fnun  ^whioh  :iiigbt:|iimD^WS  fve 
teokoBed.  TJiis  point  joay  be  coneidfiied  as  »  atari -;tb.Qugh  jB0,4tar  if^^  ip 
£icty  thore;  And,  «oBeoTer,  the  point  .lUttU  M  ^M»  M>^^  rCti^Uon  ^w 
muriationy-Tao  jloir,  hoirover,  as  not -.to  itSeotyipeneQIiliWyi  tie  wt^r^flly 
of  Anj  ftvo  of  its  .BMeoBBave  retunw  to  ^tbe  laqridiwi.  iXllis  ^interval  Js 
oUodji  qMtTCaldaj,«nd  is  divided  into. S4  aidesealiiovrvyjapditlMte^^P 
into  mwatmL  and  aeoovds.  ik  ok»k  whit h  navks  flidoroal  -A  me,  t.^*  whii^ 
goea.al  soehiaiate  asvalnajs  to  shour  0ii.  Ooi.  Osv/irkeD^eeqiUAQXrCKwi^s  on 
!tlw  iMriditn^oi}leda,fidMealdook,ta^diS)an  i^ 
.tere.m  Afevj.obaarvaioiy.  'fleRoe:the>jhouraQgle  of  «n objieat  re^W)^  k> 
'time  ai-.tike.nile  of  -Id^iper :ho«r,  eipresaes #e  ioAevnal  of  wkR^al  rti^ne 
bj  :irhkh  (if!  its ;  ceekoning  be  ^xiailke)  it  lias  'piist  r t|ie  waridiiP  i  or,  if 
■a^gaH^Ci  -tiie  tiatejt .wams  lef  arriviiig  Atitibe  meridian  .of  ^  fiboe  ^ 
obaenration.  So  also  the  right  ascension  of  an  object,  if  converted  i^^ 
.•tine  «t-tlieaaDie:  rate  (ainoe/ft66^  being  deaerib«l  uwWpmnlj  in  i24  ihonrs, 
115®  jnosCiM  ao  deeciSbed  in  1  hour),  (Will  expvaasrtho  wteival  of  sidevefl 
time  which  elapses  from  the  paasage  of  the  vernal  eqninox  across  the 
meridian  to  that  of  the  object  next  wbsequent 

(111.)  As  a  globe  or  maps  may  be  made  of  the  whole  or  particular 
regions  of  the  sor&ce  of  the  earth,  so  also  a  globe,  or  general  map  of  the 
beavens,  as  well  as  charts  of  particular  parts,  may  be  constructed,  and  the 
atars  laid  down  in  their  proper  situations  relative  to  each  other,  and  to 
the  poles  of  the  heavens  and  the  celestial  equator.  Such  a  representa- 
tion, once  made,  will  exhibit  a  tme  appearanee  tX  the  stars  as  they 
present  themselves  in  succession  -to  >e very -spectator  on  the  surface,  or  as 
they  may  be  conceived  to  be,eeen .at  once  .by  one  at  the  centre  of  the 
globe.  It  is,  therefore,  independent  ^tUX  geographical  localities.  There 
will  ooenr  in  such  a  representation  jieitber-aenitb,  nadir,  nor  horizon  — 
neither  east  nor  west  points ;  and  although  xgreat  circles  may  be  drawn  on 
it  from  pole  to  pole,  corresponding  ito  teiqreatrial  meridians,  they  can  no 
longer,  in  this  point  of  view,  be  regarded  as  the  celestial  meridians  of 
fixed  pmnts  on  the  earth's  surface,  since,  in  the  course  of  one  diurnal 
revolution,  every  point  in  it  passes  beneath  each  of  them.  It  is  on 
vocoont  of  this  change  of  •conception,  and  with  a  view  i&estahlish  a  com- 
plete distinction  between  the  two  branches  of  "Geography  and  Uranogror 
jpihy^^  that  astronomers  have  adopted  different  terms,  (vis.  decKnalion  and 
right  aeceniion)  to  represent  those  arcs  in  -the  heavens  whioh  oorrapond 
^latUuda  BXkd'hngitudet  on  the  earth.     It  is  fbr^thia-reaflon  that  they 

*  Tv,  the  eanh ;  yffnv,  lo*  desmbe  -er  .ipppeaaat ;  ••pwtf  the  hMOPen. 
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h  are  called  hour  eirclrt  in  tbe  heavens,  aod  the  angles  tbej 
ween  them  at  the  poles  are  called  honr  angles.     All  ih'ia  is 
and  intelligible;  and  had  they  been  content  with  this  nomen- 
1  confusion  could  ever   have  arisen.     Unlackily,    the  eariy 
8  have  employed  alto  the  words  latitude  and  longitude  in  their 

he  Bame  words  on  tbe  earth,  but  having  reference  to  the  motion 
and  planets  among  the  stars.     It  is  now  too  late  to  remedy 

y  regret,  and  warn  the  reader  of  it,  that  he  may  be  on  his 
1,  at  a  more  advanced  period  of  our  work,  wo  shall  have  occv 
ne  and  uae  the  terms  in  their  celaHal  eeme,  at  the  same  time 

[t  remains  to  illustrale  these  descriptiona  by  reference  to  a 
!t  C  be  tbe  centre  of  tbe  earth,  N  C  S  its  axis;  then  are  N 

Fig.  11. 
1  2 

TSRHINOLOOT. 

te  )m  M&nble  faoruoa :  n  A  t  mirked  on  that  plane  by  iU  ii 

with  hit  meridian  will  be  bis  meridian  line,  and  n  and  i  the  nor^  and 

■ontfa  poinli  of  his  hi»iton. 

(lis.)  A|^D,  neglecting  the  size  of  the  earth,  or  eonceiring  him 
■tetioned  at  its  centre,  sad  referring  every  thing  lo  his  rationai  horison ; 
lot  tlie  annexed  figure  represent  the  spbers  of  the  htavauf  G  the  speota- 
toii  Z  hia  aenith;  and  N  bis  nadir :  then  will  H  A  0,  a  great  (urole  of 
the  sphere,  whose  poles  are  Z  N,  be  hia  edntiai  horvumi  P  p  the 
devoted  and  d^ttwed  Polzs  of  the  heavens ;  H  P  the  aititude  of  Out 
poik,  and  H  P  Z  E  0  his  meridian  ;  E  T  Q,  a  great  oirole  perpendicnbtr 
to  P  ji,  will  be  the  eguinocliai;  and  if  T  represent  the  eqninoz,  t  T  wilt 
be  the  ru^At  ojMiuum,  T  S  the  declination,  and  F  8  the  polar  duCoaM 
of  anj  star  or  object  S,  referred  to  the  equinoctial  bjr  the  hour  areU  P 
S  Tp;  and  BSD  will  be  the  diurnal  circle  it  will  appear  to  deaoribe 
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about  the  pole.  Again,  if  we  refer  it  to  the  horison  bjr  the  vertical  eireU 
Z  S  H,  0  H  will  be  its  aiimnth,  M  S  its  altitude,  and  Z  S  its  aenith 
distance.  H  and  0  are  the  north  and  aonth,  e  w  the  east  and  west  points 
of  bis  horiion,  or  of  the  heavens.  Moreover,  if  H  A,  0  o,  he  amalL 
drcles,  or  paraBclt  of  deetinatton,  touching  the  horiHm  in  its  north  and 
MOth  poinia,  H  A  will  be  the  circle  ot  perpetuai  ajiparitionj  between 
which  and  the  elerated  pole  the  stars  never  set ;  0  e  thai  of  perpttuat 
tKcuUatioii,  between  which  and  the  depressed  pole  they  never  rue.  In 
all  the  sone  of  the  heavens  between  H  h  and  0  o,  thej  rise  and  set;  anj 
Cite  of  them,  as  S,  remaining  above  the  horison  in  that  part  of  its  dianial 
drala  represented  by  a  B  A,  and  below  it  throughout  all  the  part  ropre* 
MOled  by  A  D  a.    It  will  exereise  the  reader  to  constniot  thia  figure  ibr 
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a  each. 

■dcstial  perspective  is  that  branch  of  tte  general  Bcienw  of 
wliich  tcnclies  us  to  conclude,  from  a  knowledge  of  ibe  real 
id  foras  of  objects,  lines,  angles,  motions,  &c.  with  respect  to 
or,  thar  appnrcut  aspectfi,  as  seen  by  him  projected  oQ  tlie 
concave  of  the  heavens;  and,  ot'ce  veriS,  from  tie  apparent 

and  to  the  spectator.    It  ogreci  with  ordinary  perBpectivo  wtei 

1  sphere,  fbr  a  small  extent,  may  be  regarded  as  a  plane  stir- 
tieh  objeola  are  seen  projected  or  depicted  aa  in  common  per- 

iC  whole  oontenU  of  space  are  regarded  as  projected  on  the 
ior  surface  of  the  sphepe,  it  becomes  necessary  to  use  &  different 
r,  and  to  resort  to  a  different  fcrm  of  conceptioQ.     In  commtm 
there  is  a  single  "point  of  sight,"  or  "centre  of  the  picture," 
Joe  frora  the  eye  to  which  is  perpendicular  to  the  "plane  tf 
,"  and  all  straight  lines  are  represented  by  straight  lines.     In 
rrspeetive,  every  point  to  which  the  view  is  for  the  moment 

CBLB8TIAL  PBB0PJM)HVS.  *Hr, 

Theee  Khm  whieh,  markiog  the  coarae  of  rajs  enuuMitiog  from  a  point 
aloKMi  infiaitelj  distant,  are  to  be  considered  as  parallel  straight  lines,  are. 
Ilirown  into-  great  circles  of  the  sphere,  having  two  apexes,  or  points  of 
oommon  intersection  —  one  in  the  place  where  the  sun  itself  (if  not, 
obacoied)  would  be  seen.  The  other  diametrically  opposite.  The  first 
onlj  18  most  commonly  suggested  when  the  spectator's  view  is  towards  the 
van.  Bnt  in  mountainous  countries,  the  phenomenon  of  sunbeams  con* 
weigiDg  tomrda  a  poiat  diametrically  opposite  to  the  sun,  and  as  much 
doprossod  below  the  horison  as  the  sun  is  elevated  above  it,  is  not  unfire- 
qiaMtly  nciicedy  the  back  of  the  ^)ectator  being  turned  to  the  sun's  place. 
Ooeaaioiially,  but  much  moro  rarely,  tho  whole  course  of  such  a  system 
of  ionbeams,  stretching  in  semicircles  across  the  hemisphere  from  horiion 
to  horiiOD  (the  sun  being  near  setting),  may  be  seen.'.  Thus  again,  th^ 
streamers  of  the  Aurora  Borealis,  which  are  doubtless  electrical  rays, 
parallel,  or  nearly  parallel  to  each  other,  and  to  the  dipping  needle,  usually 
appear  to  diveigs  from  the  point  towards  which  the  needle,  freely  sua- 
pesded,  woald  dip  northwards  (t.  e.  about  70^  below  the  horizon  and  23^ 
iieat  of  north  from  London),  and  in  their  upward  progress  pursue  the 
oonne  of  greali  circles  till  they  again  converge  (in  appearance)  towards 
the  pmnt  diiimetrically  opposite  {%.  e,  70^  above  the  horizon,  and  28^  to  the 
eastward  of  south),  forming  a  sort  of  canopy  over-head,  having  that  poin^ 
for  its  cenljpe.  So  also  in  the  phenomenon  of  shooting  stars,  the  lines  of 
diiection  which  they  appear  to  take  on  certain  remarkable  occasions  of 
periodical  recurrence,  are  observed,  if  prolonged  backwards,  apparently  to 
aieet  nearly  in  one  point  of  the  sphere ;  a  certain  indication  of  a  general 
near  approach  to  parallelism  in  the  real  directions  of  their  motions  on 
those  oceasiooa.     On  which  subject  more  hereM^cr. 

(116.^  Li  lektion  to  Uiis  idea  of  celestial  perspective,  we  may  conceive 
the  north  and  south  poles  of  the  sphere  as  tho  two  vanishing  points  of  a 
iiyatem  of  lines  parallel  to  the  axis  of  the  earth ;  and  tho  zenith  and  nadir 
of  those  of  a  system  of  perpendiculare  to  its  surface  at  the  place  of 
oleervation,  &e.  It  will  be  shown  that  the  direction  of  a  plumb-line^  at 
aveiy  pboe  ia  perpendicular  to  the  surface  of  still  water  at  that  phico 

'  It  it  in  such  eases  only  that  we  conceive  them  as  circlee,  the  ordinary  conTentiona 
of  plane  perapeotive  becoming  untenable.  The  author  had  the  good  fortune  to  witneaa 
oa  oti9  occaaioit  tba  phenomenon  deacribed  in  the  text  under  circumstances  of  more 
than  usual  grandeur.  Approaching  Lyona  from  the  aouth  on  Sept.  30, 1826,  about  5^  h. 
r.  M.,  the  aun  waa  aeen  nearly  setting  behind  broken  maaaea  of  stormy  cloud,  from 
whose  apertures  atwaaned  forth  beama  of  roae-coloared  light*  traceable  all  anroiia  the 
hamiaphere  almoat  to  their  opposite  point  of  convergence  behind  the  snowy  precipices 
of  Mont  Blano,  conspiciioiuly  visible  at  nearly  100  miles  to  the  eaaiward.  The  im- 
prsaaion  produced  waa  that  of  another  but  feebler  aun  aboot  to  riae  from  behind  the 
moaaiain,  and  darting  forth  preearaory  beams  to  mpst  thpaa  of  the  real  one  opposite. 
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wbich  18  the  true  horizon,  and  thoagh  mathematically  speaking  no  two 
plamb-lines  are  exactly  parallel  (since  they  convei*ge  to  the  earth's  centre), 
yet  over  very  small  tracts,  such  as  the  area  of  a  building  —  in  one  and 
the  same  town,  &c.,  the  di£fetence  from  exact  parallelism  is  so  small  that 
it  may  be  practically  disregarded.'  To  a  spectator  looking  upwards  such 
a  system  of  plumb-lines  will  appear  to  converge  to  his  lenith ;  downwardS| 
to  his  nadir. 

(117.)  So  also  the  celestial  equator,  or  the  equinoctial,  must  be  con- 
ceived as  the  vanishing  circle  of  a  system  of  planes  parallel  to  the  earth's 
equator,  or  perpendicular  to  its  axis.  The  celestial  horizon  of  any  speo- 
tator  is  in  like  manner  the  vanishing  circle  of  all  planes  parallel  to  his 
true  horizon,  of  which  planes  his  rational  horizon  (passing  through  the 
earth's  centre)  is  one,  and  his  semible  horizon  (the  tangent  plane  of  his 
station)  another. 

(118.)*  Owing,  however,  to  the  absence  of  all  the  ordinary  indications 
of  distance  which  influence  our  judgment  in  respect  of  terrestrial  objects, 
owing  to  the  want  of  determinate  figure  and  magnitude  in  the  stars  and 
planets  as  commonly  seen  —  the  projection  of  the  celestial  bodies  on  the 
ground  of  the  heavenly  concave  is  not  usually  regarded  in  this  its  true 
light,  of  a  perspective  repmenta^ion  or  picture,  and  it  even  requires  an 
eflbrt  of  imagination  to  conceive  them  in  their  true  relations,  as  at  vastly 
different  distances,  one  behind  the  other,  and  forming  with  one  another 
lines  of  junction  violently  foreshortened,  and  including  angles  altogether 
differing  from  those  which  their  projected  representations  appear  to  make. 
To  do  so  at  all  with  effect  presupposes  a  knowledge  of  their  actual  situa^ 
tions  in  space,  wbich  it  is  the  business  of  astronomy  to  arrive  at  by  appro- 
priate considerations.  But  the  connections  which  subsist  among  the 
several  parts  o/  the  picture,  the  purely  geometrical  relations  among  the 
angles  and  sides  of*  the  spherical  triangles  of  which  it  consists,  constitute, 
under  the  name  of  Uranometry,'  a  preliminary  and  subordinate  branch  of 
the  general  science,  with  which  it  is  necessary  to  be  familiar  before  any 
further  progress  can  be  made.  Some  of  the  most  elementary  and  fre- 
quently occurring  of  these  relations  we  proceed  to  explain.  And  first,  as 
immediate  consequences  of  the  above  definitions,  the  following  propositions 
will  be  borne  in  mind. 

(119.)  The  altitude  of  the  elevated  pole  is  equal  to  the  latitude  of  the 
spectator* 8  geographical  station. 

For  it  appears^  see  Jiff.  art.  112,  that  the  angle  PAZ  between  the 

>  An  interval  of  a  mile  corresponds  to  a  convergence  of  plumb-lines  amonnung  to 
aomewhat  less  space  than  a  minute. 

'  Ov^v*(,  the  heavens ;  /«rptf v,  to  measure :  the  measurement  of  the  heavens. 
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pole  aod  Uie  lenith  is  equal  to  N  C  A,  and  the  angles  Z  A  n  and  N  C  £ 
bebg  right  angles,  we  have  P  A  n=  A  C  E.  Now  the  former  of  these 
k  the  eloTation  of  the  pole  as  seen  from  E,  the  latter  is  the  angle  at  the 
euth's  centre  sabtended  by  the  arc  E  A,  or  the  latitude  of  the  place. 

(120.)  Henoe  to  a  spectator  at  the  north  pole  of  the  earth,  the  north 
pole  of  the  heavens  is  in  his  lenith.  As  he  travels  southward  it  becomes 
hm  and  less  elevated  till  he  reaches  the  equator,  when  both  poles  are  in 
his  horiiOQ  —  south  of  the  equator  the  north  pole  becomes  depressed 
below,  while  the  south  rises  above  his  horizon,  and  continues  to  do  so  till 
the  south  pole  of  the  globe  is  reached,  when  that  of  the  heavens  will  be 
in  the  lenith. 

(121.)  The  same  stars,  in  their  diurnal  revolution,  come  to  the  meridian, 
moeetUvefyf  of  every  place  on  the  globe  once  in  twenty-four  sidereal  hours. 
And,  since  the  diurnal  rotation  is  uniform,  the  interval,  in  sidereal  time^ 
whMi  ekpees  between  the  same  star  coming  upon  the  meridians  of  two 
diCnent  places  is  measured  by  the  difference  of  longitudes  of  the  places. 

(122.)  Vtce  vend  —  the  interval  eUipsing  between  two  different  start 
coming  on  the  meridian  of  one  and  the  iamephce,  expressed  in  sidereal 
tune,  is  the  measure  of  the  difference  of  right  ascensions  of  the  stars. 

(123.)  The  equinoctial  intersects  the  horizon  in  the  eas^  and  west 
points,  and  the  meridian  is  a  point  whose  altitude  is  equal  to  the  co-lati- 
tude of  the  place.  Thus,  at  Greenwich,  of  which  the  latitude  is  51^  28' 
40",  the  altitude  of  the  intersection  of  the  equinoctial  and  meridian  is 
38^  3r  20^'.  The  north  and  south  poles  of  the  heavens  are  the  poles  of 
the  equinoctial.  The  east  and  west  points  of  the  horizon  of  a  spectator 
are  the  poles  of  his  celestial  meridian.  The  north  and  south  points  of  his 
horiion  are  the  poles  of  his  prime  vertical,  and  his  senith  and  nadir  are 
the  poles  of  his  horizon. 

(124.)  All  the  heavenly  bodies  culminate  (t.  e.  come  to  their  greatest 
altitudes)  on  the  meridian ;  which  is,  therefore,  the  best  situation  to  ob- 
serve them,  being  least  confused  by  the  inequalities  and  vapours  of  the 
atmosphere,  as  well  as  least  displaced  by  refraction.  * 

(125.)  All  celestial  objects  within  the  circle  of  perpetual  apparition 
come  twice  on  the  meridian,  above  the  horizon,  in  every  diurnal  revolu- 
tion ;  once  ahave  and  once  below  the  pole.  These  are  called  their  vjjper 
and  hwer  cuiminattons.^';^, 

(126.)  The  problems  of  uranometry,  as  we  have  described  it,  consist 
in  the  solution  of  a  variety  of  spherical  triangles,  both  right  and  oblique 
aogled,  according  to  the  rules,  and  by  the  formulas  of  spherical  trigonom- 
etiy,  which  we  suppose  known  to  the  reader,  or  for  which  he  will  consult 
appropriate  treatises.    We  shall  only  here  observe  generally,  that  in  all 
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I  which  epherioo]  geometry  is  ooDcarncd,  the  student  will  find. 
cal  Quxim  rather  to  consider  the  pi>les  of  the  great  uiroln 
luustioQ  bctbre  him  refers  to  tliao  the  circles  themselves.  T» 
luplc,  in  the  relatiooii  he  has  to  consider,  poUr  distanoea  rathei 
senith  distances  rather  than  allitudcfl,  &o.  Beating 
I,  there  arc  few  problems  in  urauomvtry  nhich  will  otFer  ■nj' 
■Tlic  following  ore  the  oomhiuations  which  moat  commoolf 
wlien  llitji/ttrc  o/one  ceUttial  irbJeH  onlff  on  the  sphere 

0  the  tnuDgle  Z  F  S,  Z  is  the  Knilb,  P  the  elevsl«d  p-^le,  and 

d;  or  other  celestial  ohjeot.     In  this  triangle  occor,  1st,  PZ, 

the  compiement  of  P  H  (the  altitu^  of  the  pole),  i»  ob- 

mplemcnt  of  the  latitude  (or  the  cthlutiimis,  aa  it  is  c^W) 

1;  2d,  PS,  thc^o/iir  <f)W(iiu'f,  or  the  oomplemeot  of  the  decli- 

ilion)  of  the  star;   3d,  ZS,  the  zenith  diitauce  or  co-aiti- 

I  Etur.     If  P  S  bo  greater  than  £10°,  the  object  la  situated  on 

Itbc  ei^uinoctial  opposite  to  that  of  the  elevated  pole-     I£  iSS 

■hjcct  is  below  the  horiEon. 

Fig.  13, 


The  IbUowiDg  five  astronomical  magnitudes,  then,  occnr  among  the  sides 
of  this  most  nsefol  triangle :  viz.,  Ist,  The  co-latitade  of  the  place  of 
observatioD ;  2dy  the  polar  distance ;  3d,  the  zenith  distance ;  4th,  the 
boar  angle  I  and  5th,  the  sab-azimuth  (supplement  of  azimuth)  of  a  given 
fi^lfffti^^  object;  and  bj  its  solution  therefore  may  all  problems  be  resolved, 
in  which  three  of  these  magnitudes  are  directly  or  indirectly  given,  and 
the  oiher  two  required  to  be  found*. 

(128.)  For  example,  suppose  the  time  of  rising  or  setting  of  the  sun 
m  of  •  iter  wese  required,  having,  given  its  right  ascension  and-  polar  dia^ 
Uam  The'  alar  rises  when  apparently  on  the  horizon,,  or  rtaUy.  about 
M'  bokyw  il  (owing  to  refraetion)>  so  that,  at  the  moment  of  its  i^parent 
anqp^tte  leiiitb  diataooe  '^W  W=Z  S.  Ita  polar  distanoe  PS  being  also 
^VBB,  and  the  ce^lalitmie  ZP  o£  the  plaosi  we  have  given  the  three  »des 
«C  the  lriMig|c|  to>fifidi  the.  hour  angle  Z  P  S,  which,  bdng.  known,  is  to 
hwaUediile  qb  idMiaeted  from  the  star's  right  ascension,  to  give  the  side- 
Hal  tinM  of  atttittg^  OR  riaing^  whieh^  if  we  please^^majf  be  converted  into 
■liar  tinwibj  ihe*proper  ndea  and  table& 

(12&.)-  ^  aaotber  example  of  the  use  of  the  same  triangle^  we  may 
pwpoaB'ta:find.  the*  loeaL  sidereid.  time^  and  the  latitude  of  the  place  of 
ehwm>ation»  bgr  obasnring  eqpal  altitudes  of  Uie  same  star  east  and  west 
of  the  meritfan^  and  notn|^  the  interval,  of  the  observations  in  sidereal 

The  hooF  angles*  oennqpending  to-eqnaL  altitudes  of  a  fixed  star  being 
«i|ui^.the  hour  angle  east  or  west  will  be  measured  by  half  the  observed 
flilenal  cf  the  ohaervationa.  In.  our  triangle,,  then,  we  have  given  this 
hovr  angle  2  P  S,.  the  pdar  distance  P  S  of  the  star,  and  Z  S,  its  co- 
altitnde  at  the  moment  of  observation.  Hence  we  may  find  P  Z,  the 
co-latitude  of  the  place.  Moreover,  the  hour  angle  of  the  star  being 
teown,  aadi  ab»  its  right  asoensiony  the  point  of  the  eqoiiocttal  is  known, 
wkiA  is  e»  the  meiMKatt  at  the  moment  of  obeervatibn.;  and,  therefore^ 
lk»  local  sideMl  thneat  Aat  moment.  This  is  frvery  useful 
Ibr  deierti«BiiB  the  ktitade  and  time  aft  ant  unknown  station. 
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CHAPTER  ILL' 

OF  THE  NATURE  OF  ASTRONOMICAL  INSTRUMENTS  AND  OBSERVATIONS 
IN  GENERAL. — OF  SIDEREAL  AND  SOLAR  TIME. — OF  THE  HEA8UBS- 
MENTS  OF  TIME.  —  CLOCKS,  CHRONOMETERS. — OF  ASTRONOMICAL 
MEASUREMENTS. —  PRINCIPLE  OF  TELESCOPIC  SIGHTS  TO  INCREASE 
THE  ACCURACY  OF  POINTING.  —  SIMPLEST  APPLICATION  OF  THXR 
PRINCIPLE. —  THE  TRANSIT  INSTRUMENT. —  OF  THE  MfiASUREMSNT 
DV  ANGULAR  INTERVALS.  —  METHODS  OF  INCREASING  THE  ACCU- 
RACY OF  READING. — THE  VERNIER. —  THE  BHCROSCOPE. — OF  THE 
MURAL  CIRCLE.  —  THE  MERIDIAN  CIRCLE. —r  FIXATION  OF  POLAR 
AND  HORIZONTAL  POINTS. — THE  LEVEL,  PLUMB-LI^E,  ARTIFICIAL 
HORIZON. — PRINCIPLE  OF  COLLIMATION.-— COLLIMATORS  OF  RITTSN- 
HOUSE^  KATER,  AND  BENZENBERG.  —  OF  COBfPOUND  INSTRUMENTS 
WITH  CO-ORDINATE  CIRCLES. — THE  EQUATORIAL,  ALTITUDE,  AND 
AZIMUTH  INSTRUMENTS.  —  THEODOLITE.  —  OF  THE  SEXTANT  AND 
REFLECTING  CIRCLE.  —  PRINCIPLE  OF  REPETITION.  —  OF  MICROME- 
TERS.—  PARALLEL  WIRE  MICROMETER.  —  PRINCIPLE  OF  THE  DU- 
PLICATION OF  IMAGES. —  THE  HELIOMETER. —  DOUBLE  REFRACTING 
EYE-PIECE.  —  VARIABLE  PRISM  MICROMETER.  —  OF  THE  POSITION 
MICROMETER. 

(130.)  Our  first  chapters  have  been  devoted  to  the  acquisition  chiefly 
of  preliminary  notions  respecting  the  globe  we  inhabit,  its  relation  to  the 
eelestial  objects  which  surround  it,  and  the  physical  circumstances  under 
which  all  astronomical  observations  must  be  made,  as  well  as  to  provide 
ourselves  with  a  stock  of  technical  words  and  elementary  ideas  of  most 
frequent  and  familiar  use  in  the  sequel.  We  might  now  proceed  to  a 
more  exact  and  detailed  statement  of  the  facts  and  theories  of  astronomy ; 
but,  in  order  to-do  this  with  full  effect,  it  will  be  desirable  that  the 
reader  be  made  acquainted  with  the  principal  means  which  astronomers 

'  The  student  who  is  anxious  to  become  acquainted  with  the  chief  subject  matter 
of  this  work,  may  defer  the  reading  of  that  part  of  this  chapter  which  is  devoted  to 
the  description  of  particular  instruments,  or  content  himself  with  a  cursory  peruitl 
of  it,  until  farther  advanced,  when  it  will  be  necessary  to  return  to  it. 
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of  determining,  with  the  degree  of  nicety  their  theories  require, 
the  data  on  whieh  they  ground  their  conclusions ;  in  other  words,  of  as- 
certaining hy  measurement  the  apparent  and  real  magnitudes  with  which 
they  are  conversant  It  is  only  when  in  possession  of  this  knowledge 
that  he  can  folly  appreciate  either  the  truth  of  the  theories  themselves, 
or  the  degree  of  reliance  to  he  placed  on  any  of  their  conclusions  ante- 
cedent to  trial :  since  U  is  only  hy  knowing  what  amount  of  error  can 
certainly  he  perceived  and  distinctly  measured,  that  he  can  satisfy  himself 
whether  any  theory  offers  so  close  an  approximation,  in  its  numerical 
results,  to  actual  phenomena,  as  will  justify  him  in  receiving  it  as  a  true 
representation  of  nature. 

(181.)  Astrononucal  instrument-making  may  be  justly  regarded  as  the 
most  refined  of  the  mechanical  arts,  and  that  in  which  the  nearest  ap- 
proach to  geometrical  precision  is  required,  and  has  been  attained.  It 
may  be  thoogbt  an  easy  thing,  by  one  unacquainted  with  the  niceties  re- 
quired, to  tnm  a  circle  in  metal,  to  divide  its  circumference  into  360 
equal  parts,  and  these  again  into  smaller  subdivisions, — to  place  it  accu- 
rately on  its  centre,  and  to  adjust  it  in  a  given  position ;  but  practically 
it  b  fimnd  to  be  one  of  the  most  difficult.  Nor  will  this  appear  extrar 
effdiniry,  when  it  is  considered  that,  owing  to  the  application  of  telescopes 
to  the  purposes  of  angular  measurement,  every  imperfection  of  structure 
at  divinon  becomes  magnified  by  the  whole  optical  power  of  that  instru- 
ment; and  that  thus,  not  only  direct  errors  of  workmanship,  arising  from 
msleediness  of  hand  or  imperfection  of  tools,  but  those  inaccuracies 
whieh  originate  in  fiur  more  uncontrollable  causes,  such  as  the  unequal 
Mqpanmon  and  contraction  of  metallic  masses,  by  a  change  of  temperature, 
and  their  unavoidable  flexure  or  bending  by  their  own  weight,  become 
peroeptible  and  measurable.  An  angle  of  one  minute  occupies,  on  the 
oironmferenoe  of  a  circle  of  10  inches  in  radius,  only  about  ^^^th  part 
of  an  inch,  a  quantity  too  small  to  be  certaxnljf  dealt  with  without  the 
nee  of  magnifying  glasses;  yet  one  minute  is  a  gross  quantity  in  the 
astronomical  measurement  of  an  angle.  With  the  instruments  now  em- 
ployed in  observatories,  a  single  second,  or  the  60th  part  of  a  minute,  is 
rendered  a  distinctly  visible  and  appreciable  quantity.  Now,  the  arc  of 
a  eirole,  subtended  by  one  second,  is  less  than  the  200,000th  part  of  the 
mdins,  so  that  on  a  drcle  of  6  feet  in.  diameter  it  would  occupy  no  greater 
linear  extent  than  ^iT^ji^th  part  of  an  inch ;  a  quantity  requiring  a  power- 
ftil  microscope  to  be  ducemed  at  all.  Let  any  one  figure  to  himself| 
therefore,  the  difficulty  of  placing  on  the  circumference  of  a  metallic 
drde  of  such  dimensions  (supposing  the  difficulty  of  its  construction  su> 
moulted),  360  marks,  dotSi  or  cognisable  divisions,  which  shall  all  be 
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troe  to  their  pbcos  within  such  narrow  limits;  to  say  mffOmg  it  die  «!&- 
diviaioo  ^  the  .degrees  -so  marked  off  into  minutes,  sbmI  sf 'th^se  -agaia 
into  seeoads.     Soeb  «  work  has  probably  baffled,  <«Bd  witl  .f  rabaMy  'ftr 
ever  eontinoe  ^to  baffle,  the  utmost  strtteh  of  human  (ikill  sod  kidaaliy-; 
nor,  if  exeouted,  eould  it  endure.     The  ever*.varying'im^uatieiiB  ^  Iwat 
and  celd  have  « tendency  to  produee  not  merely  iemporary  aod  rtmnoesty 
.  but  permanent,  tmeompensated  changes  of  form  in  all  -oodsMerable  ^nassoa 
of  those  metals  whi^h  alone  ore  ^plicable  to  suoh<i»es;  vand  tbeir  own 
'Weight,  however  9ymmetiically  formed,  must  always  be'uisquilly  sus- 
tained, sinoe  it  is  impossible  to  apply  the  sustaining  'fowsr  ito  ^etMiypaH 
separately :  even  could  this  be  done,  at  all  events  -ibsos  must  -be  vseid  %o 
.move  and  to  fix  them ;  whieh  <!an  never  he  done  widMNrt  >pnttuoing  tem- 
.poraiy  and  risking  permanent  change  of  •  form.    It  is  tme,  >hy  <U^ding 
ihera  on  their  oentres,  and  in  the  identical  plases  liheyave^  destined  'to 
oecupy,  juid  hy  a  thousand  ingenious  and  ^ioale  .oonlnvanoes,  wenden 
•have  been. aooomplished  in  this  department  of  art,  aiid>addsgrse«df  ipsiiBe- 
tion  has  been  given,  not  merely  to  <^/s  d'vmmrej  hot' to  anstsnmeals  i0f 
moderato.  prices  and  dimoastons^and  in  ordinary  use,  srhiA,  en  idne  eon- 
sideration,  must  appear  veiy  surprising.     But  ihoo^  ^e  laie  ^entitled  to 
look  for  ufonden  aX  the  hands  of  sdentific  artists,  we  ^aro  -nAt  to*iye<t 
miracki.    The  demands  of  the  astronomer  will  •ahrsyS'Smvpass)  Ike  power 
of  the  artist;  and  it  must,  therefore,  be  eoiistsiiily'lheiaBm><lf  (Ihe'firamer 
to  make  himself,  as  &r  as  possible,  independent  of'  thoiuiifpeilfeotionstiiei- 
dent  to  every  work  the  lattor  can  place  in  hb  hands.    He must^lbevefbre, 
endeavour  so  to  combine  his  observations,  so  to  choose  this  opportumities, 
and  so  to  familiariee  himself  <with  all  the  causes  which  may  pradaee  io- 
strumental  desaDgenmat,  and  with  all  the  pecuHavities^HltraStofe  «nd 
■material  of  each  isfitruuient  he  possesses,  as.not^totaUow'-hims^lf  to  be 
quisled  by  their  errors,  but  to  extract  from  their  indications,  4Uf'&r  as  pes- 
sible,  all  that  is  iruefWad  reject  all  that  is  erroneous.     It  is  in  this  that 
the  art  of  the  practical  astronomer  consists, — an  art  of  itsslf/Of  a  ourious 
and  intricate  nature,  and  of  which  we  can  here  only  notise*some  <tf  the 
leading  and  general  £i«ttires. 

(132.)  The  great  aim  of  the  practical  :astronotner  >being  mRnerical 
correctness  in  the  results  of  instrumental  measttrement,'kis  -constant  eare 
iind  vigilance.most  be  directed  to  the  deteoiiooand  oompeBsation'Of  •errors, 
either  by  annihilating^  or  ^by  taking  account  of,  and  ^allowing  ior  them. 
Now,  if  we  examine  the  sources  from  which  -errors  may  Jtrise  "in  any 
instrumental  determination,  we  shall  find  them  chieiy-^edueiblo  to  three 
principal  heads :  — 

(<1S3.)  .Ist^  JEfStomal  or  incidental  causes  of  error;  eonptehending 
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fodi  M  00|Mid  on  external,  uncontrollable  ciremnstanocs :  eacli  as,  fluo- 
taationa^^Mnther,  which  distofrb  the  amount  df  refraetion  fhmi  its  tabu- 
lated 'Halne,  flnd,  lieing  reducible  to  no  tied  hw,  mdace  nncertuntj  to 
•tke  aztent  of  their  own  ponible  magnitude;  socfa  as,  by  valuing  tbe  tem- 
.peimtotetif  the  sir,  "vmry  *1bo  the  form  and  position  of  the  instrumenta 
tMdylijr ■altering  ihe  relatrre  magnitudes  and  the  tension  of  their  parta; 
«id  olli^n  dT the'lHoe  ttatore. 

(184.)  2dlj,  JEhran  of  oh^trvation :  sucli  as  arise,  "for  example,  from 
inezpettaeaii,  defective  Tision,  slowness  in  seizing  the  exact  instant  of 
oeenrveiMe  of  a  ffht^nomenon,  or  precipitancy  in  anticipating  it,  ftc.*; 
froB  aimOBpbftio  fafdistincf ness ;  insufficient  optical  power  in  the  instni- 
BMnt^'and  the  like.  Under  this  head  may  also  be  classed  all  errors  arising 
from  ttkOBentaty'inatramental  derangement,-— slips  in  damping,  looseness 

4K  06rMfB|  dEO* 

(185.)  8dly,  Tbe  third,  and  by  far  the  most  numerous  class  of  errors 
to  which  aatronomieal  measurements  are  liable,  arise  from  causes  which 
nay  be  deem^ed  instrumental,  and  which  may  be  subdivided  into  two 
principal  classes.  The  first  comprehends  those  which  arise  from  an  instro- 
ment  not  5e^^- what  it  professes  to  be,  which  is  error  of  workmanship. 
Thtu,  if  a  pivot -Or  axis,  instead  of  being,  as  it  ought,  exactly  cylindrical, 
1m  iKghtly  flattened,  or  elliptical, — if  it  be  not  exactly  (as  it  is  intended 
'it  ahonld)  concentric  with  the  circle  it  carries;— if  this  circle  (so  called) 
be  in  reality  not  exactly  circular,  or  not  in  one  plane; — if  its  divisions, 
intended  to  be  precisely  equidistant,  should  be  placed  in'reality  at  unequal 
intervak,— ^nd  a  hundred  other  things  of  the  same  sort.  These  are  not 
mere  specuktive  sources  of  error,  but  ^nwstical  annoyances,  which  every 
ofaaerver  baa  to  contend  with. 

(180.)  The  other  subdivision  of  instrumental  errors  comprehends  such 
as  arise  from  an  instrument  not  being  placed  in  the  position  it  ought  to 
bmve ;  and  from  those  of  its  part«,  which  are  made  purposely  moveablci 
not  being  properly  disposed  inter  se.  These  are  errors  of  adjustment. 
Some  are  unavoidable,  as  they  arise  from  a  general  unsteadiness  of  the 
soil  or  building  in  which  the  instruments  are  placed }  which,  though  too 
minute  to  be  noticed  in  any  other  way,  become  appreciable  in  delicate 
astronomical  observations ;  others,  again,  are  consequences  of  imperfect 
workmanship,  as  where  an  instrument  once  well  adjusted  will  not  remain 
BO,  but  keeps  deviating  and  shifting.  But  the  most  important  of  this  class 
of  errors  arise  from  the  non-existence  of  natural  indications,  other  than 
thoae  affisrded  by  astronomical  observations  themselves,  whether  an  instru 
irtent  has  or  has  not  the  exact  position,  with  respect  to  the  horixon  and  its 
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cardinal  points,  the  axis  of  the  earth,  or  to  other  principal  astronomical 
lines  and  circles,  which  it  ought  to  have  to  fulfil  properly  its  ohjects. 

(137.)  Now,  with  respect  to  the  first  two  classes  of  error,  it  must  be 
observ'cd,  that,  in  so  far  as  they  cannot  be  reduced  to  known  laws,  and 
thereby  become  subjects  of  calculation  and  duo  allowance,  they  actually 
vitiate,  to  their  full  extent,  the  results  of  any  observations  in  which  they 
subsist.  Being,  however,  in  their  nature  casual  and  accidental,  their 
effects  necessarily  lie  sometimes  one  way,  sometimes  the  other;  sometimes 
diminishing,  sometimes  tending  to  increase  the  results.  Hence,  by  greatly 
multiplying  observations,  under  varied  circumstances,  by  avoiding  unfa- 
vourable, and  taking  advantage  of  favourable  circumstances  of  weather, 
or  otherwise  using  opportunity  to  advantage  —  and  finally,  by  taking  the 
mean  or  average  of  the  results  obtained,  this  class  of  errors  may  be  so 
&r  mhduedf  by  setting  them  to  destroy  one  another,  as  no  longer  sensibly 
to  vitiate  any  theoretical  or  practical  conclusion.  Thb  is  the  great  and 
indeed  only  resource  against  such  errors,  not  merely  to  the  astronomer, 
but  to  the  investigator  of  numerical  results  in  every  department  of 
physical  research.. j^v 

(138.)  With  regard  to  errors  of  adjustment  and  workmanship,  not 
only  the  poKibility^  but  the  certainty  of  their  existence,  in  every  ima- 
ginable form,  in  all  instruments,  must  be  contemplated.  Human  hands 
or  machines  never  formed  a  circle,  drew  a  straight  line,  or  erected  a  per- 
pendicular, nor  ever  placed  an  instrument  in  perfect  adjustment,  unless 
accidentally ;  and  then  only  during  an  instant  of  time.  This  does  not 
prevent,  however,  that  a  great  approximation  to  all  these  desiderata 
should  be  attained.  But  it  is  the  peculiarity  of  astronomical  observation 
to  be  the  ultimate  means  of  detection  of  all  mechanical  defects  which 
elude  by  their  minuteness  every  other  mode  of  detection.  What  the  eye 
cannot  discern  nor  the  touch  perceive,  a  course  of  astronomical  observa- 
tions will  make  distinctly  evident.  The  imperfect  products  of  man*s 
hands  are  here  tested  by  being  brought  into  comparison  under  very  great 
magnifying  powers  (corresponding  in  effect  to  a  great  increase  in  acute- 
ncss  of  perception)  with  the  perfect  workmanship  of  nature ;  and  there 
is  none  which  will  bear  the  trial.  Now,  it  may  seem  like  arguing  in  a 
vicious  circle,  to  deduce  theoretical  conclusions  and  laws  from  observation, 
and  then  to  turn  round  upon  the  instruments  with  which  those  observa- 
tions were  made,  accuse  them  of  imperfection,  and  attempt  to  detect  and 
rectify  their  errors  by  means  of  the  very  laws  and  theories  which  they 
have  helped  us  to  a  knowledge  of.  A  little  consideration,  however,  will 
suffice  to  show  that  such  a  course  of  proceeding  is  perfectly  legitimate. 

(139.)  The  steps  by  which  we  arrive  at  the  laws  of  natural  phenomena. 
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utAmprnMlly  thorn  whioh  depend  for  their  Terificatioa  on  numerical 
detanninations,  are  necessarily  saooessiTe.  Gross  results  and  palpable 
lawi  are  arrived  at  by  rude  observation  with  coarse  instruments,  or 
without  any  instruments  at  all,  and  are  expressed  in  language  which  is 
not  to  be  considered  as  absolute,  but  is  to  be  interpreted  with  a  degree  of 
lalitade  commensurate  to  the  imperfection  of  the  observations  themselves. 
These  results  are  corrected  and  refined  by  nicer  scrutiny,  and  with  more 
delicate  means.  The  first  rude  expressions  of  the  laws  which  embody 
them  are  .perceived  to  be  inexact  The  language  used  in  their  expression 
is  corrected,  its  terms  more  rigidly  defined,  or  fresh  terms  introduced, 
until  the  new  state  of  language  and  terminology  is  brought  to  fit  the 
improved  state  of  knowledge  of  facts.  In  the  progress  of  this  scrutiny 
aaboidinate  laws  are  brought  into  view  which  still  further  modify  both 
the  verbal  statement  and  numerical  results  of  those  which  first  offered 
themselves  to  our  notice ;  and  when  these  are  traced  out  and  reduced  to 
certainty,  othersy  again,  subordinate  to  them,  make  their  appearance,  and 
become  subjects  of  further  inquiry.  Now,  it  invariably  happens  (and 
the  reason  is  evident)  that  the  first  glimpse  we  catch  of  such  subordinate 
laws  —  the  first  form  in  which  they  are  dimly  shadowed  out  to  our  minds 
— -ii  that  of  errors.  We  perceive  a  discorduice  between  what  we  expect^ 
and  what  we  Jirid.  The  first  occurrence  of  such  a  discordance  we  attri- 
bata  to  accident  It  happens  again  and  again ;  and  we  begin  to  suspect 
oar  instruments.  We  then  inquire,  to  what  amount  of  error  their  deter- 
minationB  can,  hy  pomihUUy^  be  liable.  If  their  limit  of  possible  error 
exceed  the  observed  deviation,  we  at  once  condemn  the  instrument,  and 
aet  about  improving  its  construction  or  adjustments.  Still  the  same 
deviations  occur,  and,  so  fiir  from  being  palliated,  are  more  marked  and 
better  defined  than  before.  We  are  now  sure  that  we  are  on  the  tracea 
of  a  law  of  nature,  and  we  pursue  it  till  we  have  reduced  it  to  a  definite 
statement^  and  verified  it  by  repeated  observation,  under  every  varia^ 
of  circumstances. 

(140.)  Now,  in  the  course  of  this  inquiry,  it  will  not  fail  to  ha}^[)eQ 
that  other  discordances  will  strike  us.  Taught  by  experience,  we  suspeet 
the  existence  of  some  natural  law,  before  unknown ;  we  tabulate  (i.  e. 
draw  out  in  Order)  the  results  of  our  observations ;  and  we  perceive,  in 
this  i^optic  statement  of  them,  distinct  indications  of  a  n^lar  progres- 
aion.  Again  we  improve  or  vary  our  instruments,  and  we  now  lose  sight 
of  this  supposed  new  law  of  nature  altogether,  or  find  it  replaced  by  some 
other,  of  a  totally  different  character.  Thus  we  are  led  to  suspect  an 
instrumental  cause  for  what  we  have  noticed.  We  examine,  therefore, 
the  (keorif  of  our  instrument;  we  suppose  defects  in  its  structure,  and,  by 
6 
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the  aid  of  geometry^  wa  traoe  &eir  infiaence  m  inirodadng  achud  er¥an 
into  its  iBdioatioiis.  These  erron  have  their  law$j  whidi,  so  long  as  wa 
have  no  knowledge  of  causes  to  guide  nsy  may  be  oonfooadod  with  laws 
of  nature,  as  they  ave  nixed  up  with  them  k  tiiehr  effects.  They  are  net 
fortuitous,  Kke  enors  of  ohservation,  but,  as  they  ar^  from  sonroes 
inherent  in  the  instromenty  and  unohai^^ble  while  it  and  its  adjustments 
remain  luchang^  they  aie  redueible  to  fixed  and  asoertainable  forms; 
each  partionbr  defeot,  whether  of  structure  or  adjustment,  piwiueing  its 
own  appropriate  form  of  error.  When  these  are  thoroughly  investigaled, 
we  leoogniie  among  them  one  which  coincides  in  its  nature  and  progression 
with  that  of  our  obser^  discocdanoes.  The  mystery  is  at  once  solTod. 
We  hft?e  detected,  by  direet  observation,  an  instrumental  defect 

(141.)  It  is,  therefore,  a  chief  requisite  for  the  pvaetieal  astronomer  to 
make  himsetf  completely  ftuntliar  with  the  thedry^  his  instmments.  By 
this  alone  is  he  enabled  at  onoe  to  decide  what  effect  on  hisobservatioDs  any 
given  imperfection  of  struetupe  or  adjustment  will  prodaoe  m  any  given 
ciroumstancee  under  which  an  observation  can  be  madow  Tliis  alone  also 
can  plaoe  him  in  a  condition  to  derive  aieailable  and  practical  means  of 
destroying  and  eliminating  altogether  the  iofiuenoe  of  sudh  imperfections, 
by  so  arranging  his  observaitions,  that  it  shall  aiect  their  nsuUs  in  oppo- 
site ways,  and  that  its  influence  ^oU  thus  disappear  from  th^  mean, 
which  is  one  of  the  chief  modes  by  which  precision  is  attained  in  practieal 
astronomy.  Suppose,  for  example,  the  prineiple  of  an  iostrument  required 
that  a  circle  should  be  coooentrio  wit^  the  axis  on  which  it  is  made  to 
turu.  As  this  is  a  condition  which  no  workmanship  can  exacUi/  fulfil,  it 
becomes  necessary  to  inquire  what  errors  will  be  produced  in  observations 
made  and  registered  on  the  faith  of  such  an  iostrument,  by  any  assigned 
deviation  in  this  respect ;  that  is  to  say,  what  would  be  ^e  disagreement 
between  observations  made  with  it  and  with  one  absolutely  perfect,  could 
such  be  obtained.  Now,  simple  geometrical  considerations  suffifce  to  show 
—  1st.  that  if  the  axis  be  excentric  by  a  given  fraction  (say  one  thou- 
sandth part)  of  the  radius  of  the  circle,  all  angles  read  off  on  that  part 
of  the  circle  to%D€Mr4%  which  the  excentricity  lies,  will  appear  by  that  frac- 
tional amouttt  toO'  small,  and  all  on  the  opposite  side  too  large.  And, 
^dly,  that  whatever  be  the  amount  of  the  excentricity,  and  on  whatever 
part  of  the  circle  any  proposed  angle  is  measured,  the  effect  of  the  error 
in  question  on  the  result  of  observations  depending  on  the  graduation  of 
its  circumference  (or  limb,  as  it  is  technically  called)  will  be  completely 
annihilated  by  the  very  easy  method  of  always  reading  off  the  divisions 
on  two  diametrically  opposite  points  of  the  circle,  and  taking  a  mean ;  for 
the  effect  of  excentricity  is  always  to  increase  the  arc  representing  the 
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angle  in  qnestioii  on  one  ride  of  the  circle,  by  just  the  same  quuititj  by 
which  it  diminishes  that  on  the  other.  Again,  suppose  that  the  proper 
use  of  the  instrument  required  that  this  axis  should  be  exacdy  parallel  to 
that  of  the  earth.  As  it  never  can  be  placed  or  remain  so,  it  beeomes  a 
qnestion^  what  amount  of  error  will  arise,  in  its  use,  from  any  assigned 
deviation,  whether  in  a  horizontal  or  vertical  plane,  from  this  precise  pori- 
tion.  Such  inquiries  eonstitute  the  theory  of  instrumentid  errors;  a 
theory  of  the  utmost  importance  to  practioey  and  one  of  whioh  a  complete 
knowledge  will  enable  an  observer,  with  moderate  instrumental  means, 
often  to  attain  a  degree  of  predsion  which  might  seem  to  belong  only  to 
the  most  seined  and  ooedy.  This  theory,  as  will  readily  be  apprehended, 
Cnnis  almost  entirely  on  eoneiderations  of  pure  geometry,  and  those  for 
the  most  part  not  difficult.  In  the  present  worii,  however,  we  have  no 
further  ooncem  with  it  The  Astronomical  instruments  we  propose  briefly 
to  deeoribe  in  this  chapter  wiB  be  conridered  as  perfect  both  in  oonstruo- 
tion  and  Mtputmient* 

(142.)  As  the  above  remaiks  are  very  essential  to  a  right  understand- 
ing of  the  philosophy  of  our  subject  and  the  spuit  of  astronomical 
methodi)  we  shall  elucidate  them  by  taking  one  or  two  special  cases. 
Oheenrant  persons,  before  the  invention  of  astronicmiical  instruments,  had 
already  concluded  the  apparent  diurnal  motions  of  the  stare  to  be  per- 
formed in  circles  about  fixed  poles  in  the  heavens,  as  shown  in  the  fore- 
gmng  ohapter.  In  drawing  this  oonclurion,  however,  reftaotion  was 
entirely  ovorlooked,  or,  if  forced  on  their  nodoe  by  its  great  magnitude 
in  the  immediate  neighbourhood  of  the  horison,  was  reg^ed  as  a  local 
irregularity,  and,  as  such,  neglected,  or  slurred  over.  As  soon,  however, 
at  the  diomal  paths  of  the  staifs  were  attempted  to  be  traced  by  instru- 
■denti,  even  of  the  coarsest  kind,  it  became  evident  that  the  notion  of 
exact  oindes  described  about  one  and  the  same  pde  would  not  represent 
the  phenomena  correctly,  but  that,  owing  to  some  eause  or  other,  the 
apparent  diurnal  orbit  of  every  star  is  distorted  frooi  a  cutmlar  into  an 
oval  form,  its  lower  segment  being  JhUer  tiian  its  npper;  and  the  devia^ 
tion  being  greater  the  nearer  the  star  approached  the  horizon,  the  efleot 
beiDg  the  same  as  if  the  chrole  had  been  squeeied  upwards  firom  below, 
and  the  lower  parts  more  than  the  higher.  For  such  an  effect,  as  it  was 
soon  fonnd  to  arise  from  no  casual  or  instrumental  eause,  it  became  neces- 
sary to  seek  a  natural  one ;  and  refinction  readily  occurred,  to  solve  the 

>  The  prinoiple  on  whieh  the  chief  a4iaetinents  of  two  or  three  of  the  nioet  ueefiil 
and  eonmon  iiwtmmentt,  mch  ■•  the  tnnnt,  the  equatorial,  and  the  teztaat,  are  per* 
fmned,  are,  however,  noticed,  for  the  convenienee  of  readen  who  mey  uie  fuch  in* 
BtranMnts  without  going  farther  into  the  arcana  of  practical  aatrononiy. 
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difficulty.  In  ftct,  it  is  a  case  precisely  analogous  to  what  we  hare 
already  noticed  (art.  47),  of  the  apparent  distortion  of  the  sun  near  the 
horizon,  only  on  a  larger  scale,  and  traced  up  to  greater  altitudes.  This 
new  law  once  established,  it  became  necessary  to  modify  the  expression  of 
that  anciently  received,  by  inserting  in  it  a  mlvo  for  the  effsct  of  refrac- 
tion, .or  by  making  a  distinction  between  the  apparent  diurnal  orbits,  as 
afi^ted  by  refraction,  and  the  true  ones  cleared  of  that  effect  This  dis> 
tinction  between  the  apparent  and  the  trtte — between  the  uncorrected 
and  corrected — between  the  rough  and  obvious j  and  the  refined  and  vUi^ 
mate — is  of  perpetual  occurrence  in  every  part  of  astronomy. 

'     (143.)  Again.     The  first  impression  produced  by  a  view  of  the  diomal 
.movement  of  the  heavens  is  that  aU  the  heavenly  bodies  perform  this 

V  revolution  in  one  common  period,  viz.  a  day,  or  24  hours.  But  no  sooner 
do  we  come  to  examine  the  matter  instruTnentaUy^  i.  e.  by  noting,  by 
time-keepers,  their  successive  arrivals  on  the  meridian,  than  we  find  dif- 
ferences which  cannot  be  accounted  for  by  any  error  of  observation.  All 
the  starsj  it  is  true,  occupy  the  same  interval  of  time  between  their  suo* 
oessive  appulses  to  the  meridian,  or  to  any  vertical  circle;  but  this  is  a 
very  different  one  from  that  occupied  by  the  sun.  It  is  palpably  i^orter; 
being,  in  fact,  only  28^  56'  4*09",  instead  of  24  hours,  such  hours  as 
our  common  clocks  mark.  Here,  then,  we  have  already  ttoo  different 
days,  a  sidereal  and  a  solar;  and  if,  instead  of  the  sun,  we  observe  the 
moon,  we  find  a  third,  much  longer  than  either, — a  lunar  day,  whose 
average  duration  is  24^  54"  of  our  ordinary  time,  which  last  is  solar  time, 
being  of  necessity  conformable  to  the  sun^s  successive  re-appearances,  on 
which  all  the  business  of  life  depends.' 

(144.)  Now,  all  the  stars  are  found  to  be  unanimous  in  giving  the 
same  exact  duration  of  23^  56'  4*09",  for  the  sidereal  day;  which,  there- 
fore, we  cannot  hesitate  to  receive  as  the  period  in  which  the  earth  makes 
one  revolution  on  its  axis.  We  are,  therefore,  compelled  to  look  on  the 
sun  and  moon  as  exceptions  to  the  general  law ;  as  having  a  different 
nature,  or  at  least  a  different  relation  to  us,  from  the  stars ;  and  as  having 
motions,  real  or  apparent,  of  their  own,  independent  of  the  rotation  of 
the  earth  on  its  axis.  Thus  a  gr^at  and  most  important  distinction  is 
disclosed  to  us. 

(145.)  To  establish  these  facts,  almost  no  apparatus  is  required.  An 
observer  need  only  station  himself  to  the  north  of  some  well-defined  ver- 
tical object,  as  the  angle  of  a  building,  and,  placing  his  eye  exactly  at  a 
certain  fixed  point  (such  as  a  small  hole  in  a  plate  of  metal  nailed  to  some 
immoveable  support),  notice  the  successive  disappearances  of  any  star  be- 


SIBBBBAL  AND  SOLAR  TIME.  86 

lund  the  baildlng,  by  a  watch.'  When  he  observes  the  enn,  he  must 
dude  hie  eye  with  a  dark-coloured  or  smoked  glass,  and  notice  the  moments 
when  its  western  and  eastern  edges  successively  come  up  to  the  wall,  from 
which|  by  taking  half  the  interval,  he  will  ascertain  (what  Jie  cannot  di- 
rectly obaerne)  the  moment  of  disappearance  of  its  centre. 

(146.)  When,  in  punming  and  establishing  this  general  fiict,  we  are 
led  to  attend  more  nicely  to  the  times  of  the  daily  arrival  of  the  sun  on 
the  moridian,  irregularities  (such  they  first  seem  to  be)  begin  to  make  their 
•ppearanoe.  The  intervals  between  two  successive  arrivals  are  not  the  same 
«t  all  times  of  the  year.  They  are  sometimes  greater,  sometimes  less,  than 
.  S4  honrii  as  shown  by  the  clock ;  that  is  to  say,  the  9olar  day  is  not  always 
of  the  same  length.  About  the  21st  of  December,  for  example,  it  is  half 
%  minate  longer^  and  about  the  same  day  of  September  nearly  as  much 
tkorier^  than  its  average  duration.  And  thus  a  distinction  is  again  press- 
ed upon  oar  notice  between  the  actual  solar  day,  which  is  never  two  days 
in  sncoenion  alike,  and  the  mean  »olar  day  of  24  hours,  which  is  an  ave- 
nge of  all  the  solar  days  throughout  the  year.  Here,  then,  a  new  source 
of  inquiry  opens  to  us.  The  sun's  apparent  motion  is  not  only  not  the 
flftine  with  the  stars,  but  it  is  not  (as  the  latter  is)  uniform.  .  It  is  subject 
to  flnotuations,  whose  laws  become  matter  of  investigation.  But  to  pur- 
sue these  laws,  we  require  nicer  means  of  observation  than  what  we  have 
described,  and  are  obliged  to  call  in  to  our  aid  an  instrument  called  the 
tnnuil  inttrummij  especially  destined  for  such  observations,  and  to  attend 
minutely  to  all  the  causes  of  irregularity  in  the  going  of  clocks  and  watches 
which  may  affect  our  reckoning  of  time.  Thus  we  become  involved  by 
degrees  in  more  and  more  delicate  instrumental  inquiries ;  and  we  speed- 
ily find  that,  in  proportion  as  we  ascertain  the  amount  and  law  of  one 
great  or  leading  fluctuation,  or  inequality,  as  it  is  called,  of  the*  sun's 
diomal  motion,  we  bring  into  view  others  continually  smaller  and  smaller, 
whieh  were  before  obscured,  or  mixed  up  with  errors  of  observation  and 
instromental  imperfections.  In  short,  we  may  not  inaptly  compare  the 
w^itan  length  of  the  solar  day  to  the  mean  or  average  height  of  ?rater  in 
m  harbour,  or  the  general  level  of  the  sea  unagitated  by  tide  or  waves.  , 
The  great  annual  fluctuation  above  noticed  may  be  compared  to  the  daily 

*  Thii  ii  ao  excellent  practical  method  of  aaoertaining  the  rate  of  a  clock  or  watch, 
being  exceeding  accurate  if  a  few  precautiona  are  attended  to ;  the  chief  of  which  ia. 
to  take  care  that  that  part  of  the  edge  behind  which  the  atar  (a  bright  one,  iiof  a  p2aiie<) 
diaappeara  ahall  be  quite  amooth ;  as  otherwise  variable  refraction  may  transfer  the 
poiot  of  disappearance  from  a  protuberance  to  a  notch,  and  thua  vary  the  moment  of 
dbeerration  unduly.  This  is  easily  secured,  by  nailing  up  a  amooth-edged  board. 
TIm  verticality  of  its  edge  ahould  be  insured  by  the  uae  of  a  plumb-line. 
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▼ftriatioDs  of  level  prodooed  by  the  tides,  which  are  nothing  bat  enormooi 
waves  ezteodiDg  •ver  the  whole  ocean,  while  the  smaller  subordinate  ine« 
qualities  may  be  assimilated  to  waves  ordinarily  so  caUed,  on  which,  wherf 
large,  we  peroeive  lesser  undulatkms  to  ride,  and  on  these,  again,  minuter 
ripplings,  to  the  series  of  whose  subordination  we  can  peroeive  no  end. 

(147.)  With  the  causes  of  these  irregularities  in  the  soUur  motion  we 
have  no  concern  at  present;  their  explanation  belongs  to  a  more  advanced 
part  of  our  subject;  but  the  distinction  between  the  solar  and  sidereai 
days,  as  it  pervades  every  part  of  astronomy,  requires  to  be  early  iirtrD» 
duced|  and  never  lost  sight  of.  It  is,  as  already  observed,  the  mean  or 
average  length  of  the  solar  day,  which  is  used  in  the  dvil  reokoning  of 
time.  It  commences  at  midni^t,  but  astronomers,  even  wben  ^y  use 
mean  solar  time,  depart  from  the  civil  reckoning,  commencing  their  daf 
at  noon,,  and  reckoning  the  hours  from  0  round  to  24.  Thus,  11  o^dook 
in  the  £(urenoon  of  the  second  of  January,  in  the  civil  reckoning  of  time) 
.oonresp(mds  to  Januaiy  1  day  23  hours  in  the  astronomical  reckoning; 
and  one  o'clock  in  the  afternoon  of  the  fbrmer,  to  January  2  days  1  hour 
of  the  latter  reckoning.  This  usage  has  its  advantages  and  disadvantages^ 
but  the  latter  seem  to  preponderate;  and  it  would  be  well  if,  in  oonse- 
quenoe,  it  oould  be  broken  through,  and  the  civil  reckoning  substituted. 
VniformUjf  %n  nomenelatiire  and  modes  of  reckoning  in  all  maUers  rekU" 
ing  to  time,  spc^ce^  weighty  mecuure,  dsc^  %s  of  such  vaM  and  paramouni 
importance  in  every  reicUion  of  life  as  to  otUioeigh  every  consideration  of 
technical  convenience  or  ciistom.^ 

(148.)  Both  astronomers  and  civilians,  however,  who  inhabit  different 
points  of  the  earth's  surfiEioei  differ  from  each  other  in  their  reckoning  of 
time ;  as  it  is  obvious  they  must,  if  we  consider  that,  when  it  is  noon  at 
one  place,  it  is  midnight  at  a  place  diametrically  opposite;  sunrise  at 
another;  and  sunset,  again,  at  a  fourth.  Hence  arises  considerable  in* 
convenience,  especially  as  respects  places  differing  very  widely  in  situation, 
and  which  may  even  in  some  critical  cases  involve  the  mistake  of  a  whole 
day.  To  obviate  this  inconvenience,  there  has  lately  been  introduced  a 
system  of  reckoning  time  by  mean  solar  days  and  parts  of  a  day  counted 
from  a  fixed  instant^  common  to  all  the  world,  and  determined  by  no  local 

*  The  only  disadvantage  to  astnmoroera  of  using  the  civil  reckoning  is  this— that 
their  observations  being  chiefly  carrjed  on  during  the  night,  the  day  of  their  date  will, 
in  this  reckoning,  always  have  to  be  changed  at  midnight,  and  the  former  and  latter 
portion  of  every  night's  observations  will  belong  to  two  differently  numbered  civil  days 
of  the  month.  There  is  no  denying  this  to  be  an  inconvenience.  Habit,  however, 
would  alleviate  it;  and  tome  inconveniences  must  be  cheerfully  submitted  to  by  all  who 
resolve  to  act  on  general  principles.  All  other  classes  of  men,  whose  occupation  ex- 
extends  to  the  night  at  well  as  day,  submit  to  it,  and  find  their  advantage  in  doing  so. 
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eiramiteiieei  Mdi  m  doob  or  midoi^t,  but  by  the  votfini  of  the  sun 
among  the  stan.  Time,  so  reckoned,  is  called  equinoctial  time ;  and  la 
Baserieallj  the  aune,  at  the  same  instant^  in  everj  port  of  the  globe. 
Ita  origin  will  be  ozphuned  aaove  fiiU j  at  a  more  advanoed  stags  of  onr 
woni. 

(149.)  Time  is  an  essential  element  in  astrononoeal  obKnration,  in  a 
tm^/SM  point  of  view :  —  Isi,  As  the  representative  of  angvlar  motion. 
The  earth's  diamal  motion  being  uniform,  every  star  desenbes  its  diomal 
aide  unifixrmly;  and  the  time  elapsing  between  the  passage  of  the  stars 
in  aoeeeaaion  across  the  meridian  of  any  observer  becomes,  therefore,  a 
direot  measnie  of  their  differences  of  right  ascension.  2dly,  As  the 
fundamental  element  (or  natural  independaU  variahUj  to  use  the  kn- 
gnage  of  geometers)  in  all  dynamical  theories.  Hie  great  object  of  as* 
•mmomy  is  the  determination  of  the  laws  of  the  celestial  motions,  and 
th«r  refereoee  te  their  proximate  or  remote  causes.  Now,  the  statement 
of  the  la/ID  of  any  observed  motion  in  a  celestial  object  can  be  no  other 
than  a  proposition  declaring  what  has  been,  is,  and  will  be,  the  real  or 
a|iparent  litnation  of  that  object  <U  any  timcj  past^  present^  or  future.  To 
oempare  such  laws^  therefore,  with  observation,  we  must  possess  a  register 
of  the  observed  situations  of  the  object  in  question,  and  of  the  times  wAea 
tb^  wer9  observed,  u 

(150.)  The  measoement  of  time  is  performed  by  docks,  ebronometers, 
elepsydras,  and  hour-glasses.  The  two  former  are  done  used  in  modem 
astronomy.  The  hour-glass  is  a  coarse  and  rude  contrivance  ftr  measur- 
ing, or  rather  counting  out,  fixed  portions  of  time,  and  is  entirely  disused. 
The  depeydr%  which  measured  time  by  the  gradud  emptying  of  a  large 
Temd  (^  water  through  a  determinate  orifice,  is  susceptible  of  considera- 
ble exactness,  and  was  the  only  dependence  of  astronomers  before  the 
iuTention  of  clocks  and  watches.  At  present  it  is  abandoned,  owing  to 
the  greater  convenience  and  exactness  of  the  latter  instruments.  In  one 
case  only  has  the  revivd  of  its  use  been  proposed ;  vis.  for  the  accurate 
measurement  of  very  small  portions  of  time,  by  the  flowing  out  of  mer- 
eury  from  a  small  orifice  in  the  bottom  of  a  vessel,  kept  constantly  full 
to  a  fixed  height  The  stream  is  intercepted  at  the  moment  of  noting 
any  event,  and  directed  aside  into  a  receiver,  into  which  it  continues  to 
ran,  till  the  moment  of  noting  any  other  event,  when  the  intercepting 
eanse  is  suddenly  removed,  the  stream  flows  in  its  origind  course,  and 
ceases  to  run  into  the  receiver.  The  weight  of  mercury  received,  com- 
pared with  the  weight  received  in  an  interval  of  time  observed  by  the 
clock,  gives  the  intervd  between  the  events  observed.  This  ingenious 
and  simple  method  of  resolving,  with  all  possible  precision,  a  problem 
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of  mnoli  importance  in  many  phynoal  inqoiriea^  is  dae  to  the  late  Captain 
Kater. 

(151.)  The  pendalum  olook,  howerer,  and  the  baUnoe  watch,  with 
those  improvements  and  refinements  in  its  stmctore  which  constitate  it 
emphatically  a  cArtmom^^,*  are  the  instruments  on  which  the  astronomer 
depends  for  his  knowledge  of  the  lapse  of  time.  These  instruments  are 
now  brought  to  such  perfection,  that  an  habitual  irregularity  in  the  raie 
of  going,  to  the  extent  of  a  single  second  in  twenty-four  hours  in  two 
consecutive  days,  is  not  tolerated  in  one  bf  good  character ;  so  that  any 
interval  of  time  less  than  twenty-four  hours  may  be  certainly  ascertained 
within  a  few  tenths  of  a  second,  by  their  use.  In  proportion  as  intervals 
are  longer,  the  risk  of  error,  as  well  as  the  amount  of  error -risked,  be- 
comes greater,  because  the  accidental  errors  of  many  days  may  accumu- 
late ;  and  causes  producing  a  slow  progressive  change  in  the  rate  of  going 
may  subsist  nnpcrceived.  It  is  not  safe,  therefore,  to  trust  the  determi- 
nation of  time  to  clocks,  or  watohes,  for  many  days  in  succession,  without 
checking  them,  and  ascertaining  their  errors  by  reference  to  natural  eventa 
which  we  know  to  happen,  day  after  day,  at  equsl  intervals.  But  if  this 
be  done,  the.  longest  intervals  may  be  fixed  with  the  same  precision  as  the 
shortest ;  since,  in  fact^  it  is  then  only  the  times  intervening  between  the 
first  and  the  last  moments  of  such  long  intervals,  and  such-  of  those 
periodically  recurring  eventa  adopted  for  our  pointo  of  reckoning,  as  occur 
within  twenty-four  hours  respectively  of  either,  that  we  measure  by  arti- 
ficial means.  The  whole  days  arc  counted  out  for  us  by  nature ;  the  frac- 
tional parts  only,  at  either  end,  are  measured  by  our  clocks.  To  keep  the 
reckoning  of  the  integer  days  correct,  so  that  none  shall  be  lost  or  counted 
twice,  is  the  object  of  the  calendar.  Chronology  marks  out  the  order  of 
succession  of  events,  and  refers  them  to  their  proper  years  and  days; 
while  chronometry,  grounding  its  determinations  on  the  precise  observa- 
tion of  such  regularly  periodical  events  as  can  be  conveniently  and  exactly 
subdivided,  enables  us  to  fix  the  moments  in  which  phenomena  occur,  with 
the  last  degree  of  precision. 

(152.)  In  the  admination  or  transit  (t.  e.  the  passage  across  the 
meridian  of  an  observer,)  of  every  star  in  the  heavens,  he  is  furnished 
with  such  a  regularly  periodical  natural  event  as  we  allude  to.  Accord- 
ingly, it  is  to  the  trarmts  of  the  brightest  and  most  conveniently  situated 
fixed  stars  that  astronomers  resort  to  ascertain  their  exact  time,  or,  which  ' 
comes  to  the  same  thing,  to  determine  the  exact  amount  of  error  of  their 
clocks. 

(153.)  Before  we  describe  the  instniraent  destined  for  the  purpose  of 

*  Xporofi  time ;  ficrpctv,  to  incasure. 
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obierfing  such  eolminations,  however,  or  those  intended  for  tho  measure- 
ment of  angular  intervals  in  tho  sphere,  it  is  requisite  to  place  clearly 
before  the  reader  the  principle  on  which  the  telescope  is  applied  iu  astro- 
nomy to  the  precise  determination  of  a  direction  in  space,  —  that,  namely, 
of  the  viBoal  ray  by  which  we  see  a  star  or  any  other  distant  object. 

(154.)  The  telescope  most  commonly  used  in  astronomy  for  these  pur- 
poaefl  IB  the  refracting  telescope,  which  consists  of  an  object-glass  (either 
■ingle,  or  as  IS  now  almost  universal,  double,  forming  what  is  called  in 
optios,  an  aeromatic  combination)  A ;  a  tube  A  B,  into  which  the  brasR 
eell  of  the  object-glass  is  firmly  screwed,  and  an  eye-lens  C,  for  which  is 

Pig.  14. 
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often  substitoted  a  combination  of  glasses  designed  to  increase  tho  magni- 
^ng  power  of  the  telescope,  or  otherwise  give  more  distinctness  of  vision 
aooording  to  optical  principles  which  we  have  no  occasion  here  to  refer  to. 
This  also  is  fitted  into  a  cell,  which  is  screwed  firmly  into  the  end  B  of 
the  tube,  so  that  object-glass,  tube,  and  eye-glass  may  be  considered  as 
forming  one  piece,  invariable  in  the  relative  position  of  its  parts. 

(155)  The  line  P  Q  joining  the  centres  of  the  object  and  eye-glasses 
and  produced,  is  called  the  axis,  or  line  of  collimation  of  the  telescope. 
And  it  is  evident,  that  the  situation  of  this  line  holds  a  fixed  relation  to 
the  tabe  and  its  appendages,  so  long  as  the  object  and  eye-glasses  maintain 
their  fixity  in  this  respecL 

(156.)  Whatever  distant  object  E,  this  line  is  directed  to,  an  inverted 
picture  or  image  of  that  object  F  is  formed  (according  to  the  principles  of 
optics),  in  the  focus  of  the  object-glass,  and  may  there  be  viewed  as  if  it 
were  a  real  object^  through  the  eye-lens  C,  which  (if  of  short  focus)  ena- 
bles us  to  magnify  it  just  as  such  a  lens  would  magnify  a  material  object 
in  the  same  place. 

(157.)  Now  as  this  image  is  formed  and  viewed  in  the  air,  being  itself 
immaterial  and  impalpable  —  nothing  prevents  our  placing  in  that  very  | 
place  F  in  the  axis  of  the  telescope,  a  real,  substantial  object  of  very  I 
definite  form  and  delicate  make,  such  as  a  fine  metallic  point,  as  of  a  \ 
needle* —  or  better  still,  a  cross  formed  by  two  very  fine  threads  (spider- 
lines),  thin  metallic  wires,  or  lines  drawn  on  glass  intersecting  each  other 
at  fight  angles  —  and  whose  intersection  is  all  but  a  mathematical  point  / 
If  ittoh  a  point,  wire,  or  cross  be  carefully  placed  and  firmly  fixed  in  the  \ 
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'  exact  focus  F,  both  of  the  object  and  eje-gUss,  it  will  be  leen  tfaroogh  lb 
I  ktter  (U  the  same  time^  and  occupying  the  same  precise  piaee  as  the  image 
of  the  distant  star  B.  The  magnifying  power  of  the  lens  lenden  peroep^ 
tible  the  smallest  deviation  from  perfect  eotncidenoey  which,  should  it  eziit^ 
is  a  proof,  that  the  axis  Q  P  is  not  directed  rigorously  towards  E.  In  thai 
ease,  a  fine  motion  (by  means  of  a  screw  dnly  applied),  oomsMiiuoated  to 
the  telescope,  will  be  necessary  to  vary  the  direction  of  the  axis  till  tiie 
coincidence  is  rendered  perfect  So  precise  is  this  mode  of  pointing  tonod 
in  practice,  that  the  axis  oi  a  telescope  may  be  dueeted  towards  a  star 
or  other  definite  celestial  object  without  an  error  of  mors  than  a  ft w  tenths 
of  a  second  of  angular  measure. 

(158.)  This  application  of  the  telesoc^  may  be  oonsidered  as  completely 
annihilating  that  part  of  the  error  of  observation  which  might  otherwise 
arise  from  an  erroneous  estimation  of  the  direction  in  which  an  object  lies 
from  the  observer's  eye,  or  from  the  centre  of  the  instrament  It  is,  in  &ct, 
the  grand  source  of  all  the  precision  of  modem  astronomy,  without  which  all 
other  refinements  in  instrumental  workmanship  would  be  thrown  away  j 
the  errors  capable  of  being  committed  in  pointing  to  an  object,  without 
such  assistance,  being  fiir  greater  than  what  could  arise  frx)m  any  but  the 
very  coarsest  graduation.'  In  fact,  the  telescope  thus  applied  becomes, 
with  respect  to  angular,  what  the  microscope  is  with  respect  to  linear 
dimension. .  By  concentrating  attention  on  its  smallest  parts,  and  magni- 
fying into  palpable  intervals  the  minutest  differences,  it  enables  us  not 
only  to  scrutiDise  the  form  and  structure  of  the  objects  to  which  it  is 

^  The  honour  of  this  capital  improvement  has  been  successfully  vindicated  by  Der- 
ham  (Phil.  Trans,  xxx.  603)  to  our  young,  talented,  and  unfortunate  countryman  Gas- 
ooigne,  from  his  correspondence  with  Crabtree  and  Horrockes,  in  hb  (Derbam^s) 
possession.  The  passages  cited  by  Derham  from  these  letters  leave  no  doubt  that,  so 
early  as  1640,  Gascoigne  had  applied  telescopes  to  his  quadrants  and  sextants,  with 
thread*  in  the  common  focut  of  the  glaineg  ;  and  had  even  carried  the  invention  so  far 
as  to  illuminate  the  Beld  of  view  by  artificial  hght,  which  he  found  *'  very  helpffd  toAcn 
the  moon  appeareth  nof,  or  it  is  not  otherwiie  light  enough.**  These  inventions  were 
freely  communicated  by  him  to  Crabtree,  and  through  him  to  his  friend  Horrockes,  the 
pride  and  boast  of  British  astronomy  ;  both  of  whom  expressed  thoir  unbounded  admi- 
ral ion  of  this  and  many  other  of  his  delicate  and  admirable  improvements  in  the  art 
of  observation.  Gascoigne,  however,  perished,  at  the  age  of  twenty-three,  M  the 
battle  of  Marston  Moor ;  and  the  premature  and  sudden  death  of  Horrockes,  at  a  yet 
earlier  age,  will  account  for  the  temporary  oblivion  of  the  invention.  It  waa  revived, 
or  re -invented,  in  1667,  by  Picard  and  Auzout  (Lalonde,  Astron.  2310),  after  which  its 
use  became  universal.  Morin,  even  earlier  than  Gascoigne  (in  1635),  had  proposed  to 
substitute  the  telescope  for  plain  sights ;  but  it  is  the  thread  or  wire  stretched  in  the 
focus  with  which  the  image  of  a  star  can  be  brought  to  exact  coincidence,  which 
gives  the  telescope  its  advantage  in  practice  ;  and  the  idea  of  this  does  not  seem  to  have 
oc4:urred  to  Morin.    See  Lalande,  ubri  tupnt. 
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pointed,  but  to  refer  their  appun'nt  plaees,  with  all  but  geometrical  pre- 
cision, to  tho  parts  of  any  scale  with  which  we  propose  to  compare  them. 
(159.)  We  now  return  to  our  subject,  the  determioation  of  time  by  the 
ftnuinta  or  oulminationa  of  oolestial  objects.  The  instrument  with  which 
Mioh  eulniiiiBtioDS  are  observed  is  called  a  transit  instrument.  It  consists 
of  %  teletoope  firmly  fastened  on  a  horizontal  axis  directed  to  the  east  and 
IPeat  points  of  the  horiaon,  or  at  right  angles  to  the  plane  of  the  meridian 
of  the  place  of  observation.  The  extremities  of  the  axis  are  formed  into 
cylindrical  pivots  of  exactly  equal  diameters,  which  rest  in  notches  formed 
in  metallic  supports,  bedded  (in  the  case  of  large  instruments)  on  strong 
pieces  of  stone,  and  susceptible  of  nice  adjustment  by  screws,  both  in  a 
vertical  and  horizontal  direction.     By  the  former  adjustment,  the  axis  can 

ing.  16. 


le  lendered  pmnsely  horizontal,  by  levelKng  it  with  a  levd  made  to  rest 
00  the  pivots.  By  the  latter  adjustment  the  axis  is  brought  precisely  into 
the  eist  and  west  directions,  the  criterion  of  which  is  furnished  by  the 
obserrations  themselves  made  with  the  instrument,  in  a  manner  presently 
to  be  explained,  oi^  by  a  well-defined  object,  called  a  meridian'mark,  origi- 
ttaHy  determined  by  such  observation^  and  then,  for  convenience  of  ready 
ftfittence,  permanently  established,  at  a  great  distance,  exactly  in  a  meru 
dian  Une  passing  through  the  central  point  of  the  whole  instrument.  It 
is  evident,  from  this  description,  that,  if  the  axis,  or  line  of  collimation 
of  the  telescope  be  once  well  adjusted  at  right  angles  to  the  axis  of  the 
transit,  it  will  never  quit  the  plane  of  the  meridian,  when  the  instrument 
b  toned  nmod  on  its  axis  of  rotation. 

(160.)  To  the  focus  of  the  eye-piece,  and  at  right  angles  to  the  length 
tf  Ae  telescope,  is  placed,  not  a  single  cross^  as  in  our  general  explanation 
in  art  157|  bot  a  qritem  of  one  horizontal  and  several  equidistant  vertical 
Ihwods  or  wires,  (five  or  seven  are  more  osoally  employed,)  as  represented 
hi  the  annexed  figure,  which  always  appear  in  ^  field  of  view,  when 
properly  illuminated,  by  day  by  the  light  of  the  sky,  by  night  by  that  of 
%  lamp  btrodnced  by  a  contrivance  not  necessary  here  to  explain.    The 
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other  vord8|  a  okxsk  may  be  compared  with  the  earth's  diurnal  motion  by 
a  mngle  obeervation,  without  risk  of  greater  error.  By  multiplying 
obeenratioD8|  of  oonrse;  a  yet  greater  degree  of  precision  may  be  obtained. 

(162.)  The  plane  described  by  the  line  of  collimation  of  a  transit  ought 
to  be  that  of  the  meridian  of  the  place  of  observation.  To  ascertain 
whether  it  is  ao  or  not|  celestial  observation  must  be  resorted  to.  Now,  as 
the  meridian  is  a  great  circle  passing  through  the  pole,  it  necessarily 
Useeta  the  diurnal  circles  described  by  all  the  stars,  all  which  describe  the 
two  semicircles  so  arising  in  equal  intervals  of  12  sidereal  hours  each. 
Henoe,  if  we  choose  a  star  whose  whole  diurnal  circle  is  above  the  horizon, 
or  which  never  sets,  and  observe  the  moments  of  its  upper  and  lower  tran- 
sits across  the  middle  wire  of  the  telescope,  if  we  find  the  two  semidiurnal 
|N^ons  east  and  west  of  the  plane  described  by  the  telescope  to  be 
described  in  jprectM/y  equal  times,  we  may  be  sure  that  plane  is  the  meridian. 

(163b)  The  angular  intervals  measured  by  means  of  the  transit  instru- 
ment and  clock  are  arcs  of  the  equinoctial,  intercepted  between  circles  of 
declination  passing  through  the  objects  observed ;  and  their  measurement, 
in  this  case,  is  performed  by  no  artificial  graduation  of  circles,  but  by  the 
help  of  the  earth's  diurnal  motion,  which  carries  equal  arcs  of  the  cqui- 
noelial  across  the  meridian,  in  equal  times,  at  the  rate  of  15^  per  sidereal 
hofor.    In  all  other  cases,  when  we  would  measure  angular  intervals,  it  is 
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neeessaiy  to  have  recourse  to  circles,  or  portions  of  circles,  constructed  of 
metal  or  other  firm  and  durable  material,  and  mechanically  subdivided  into 
equal  parts,  such  as  degrees,  minutes,  &c.  The  simplest  and  most  obvious 
mode  in  which  the  measurement  of  the  angular  interval  between  two 
dirsotions  in  space  can  be  performed  is  a^  follows.  Let  A  BCD  be  a 
eireky  divided  into  860  degrees,  (numbered  in  order  from  any  point  0®  in 
the  dreanference,  roand  to  the  same  point  again,)  and  connected  with  its 
eaotn  by  spokes  or  rays,  x,  y,  z,  firmly  united  to  its  circumference  or 
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acil;  fitting  it,  carrying  a  lube,  whose  axis,  a  6,  is  euctlj 
he  plsne  of  the  circle,  or  perpeodioular  to  the  pivot;  and  ako 
I,  «,  al  right  angles  to  it,  and  formiDg  one  piece  with  the  tabe 

»;  aa  that  the  motion  of  the  axis  on  the  centre  shaH  carry  tU 

lease,  bj  a  contrivance  called  u  clamp.     Suppose,  now,  we 
•ure  the  angular  interval  between  two  fixed  objects,  S,  T.    Tba 
e  circle  must  first  be  adjusted  so  as  to  paaa  through  them  both, 

the  tube  be  directed  to  one  of  them,  S,  and  damped.     Then 

on  the  arm  m  point  either  exactly  to  some  one  of  the  divisioM 

b,  or  between  two  of  them  adjacent.     la  the  former  case,  the 

ast  be  noted  aa  the  re/iding  of  the  ann  m.     In  the  latter,  tbfl 

art  of  one  whole  interval  between  the  conaeoutJve  (fivisiona  by 
mafk  on  tn  siirjxiiKi  the  last  inferior  division  must  be  estimated 
d  bj  some  mechanical  or  optical  meaai.  (See  art.  165.)  Tte 
d  fractional  part  thns  noted,  and  reduced  into  degrees,  minutes, 

«,  is  to  be  set  down  as  the  remUnti  of  the  Umh  corresponding 
aition  of  the  tube  a  b,  where  it  points  to  the  object  S.     The 

then  be  done  for  the  object  T;  the  tube  pointed  to  it,  and  the 
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aitamiy  T,  canTing  st  its  txtreniity  sb  indexy  or  other  proper 
if  to  point  ont  and  veiMl  off^  the  esact  division  of  the  circle  at  B,  the 
point  ckao  to  it  It  ia  evideiit  that,  as  the  teleeeope  and  circle  rcTolTO 
thraofk  anj  angk,  iho  part  of  the  limb  of  the  kitter,  which  bj  such 
imofailkm  ta  eanied  past  (ha  index  F,  will  meaaaro  the  angle  described. 
This  ia  the  moat  nauml  mode  of  applying  divided  cirdee  in  astronomy. 

(165.)  Urn  index  F  vmj  eithior  be  a  simple  pointer^  like  a  dock  hand 
(JSg.  a)j  or  a  Teniier  (^.  b);  or,  hwtly,  a  compound  microscope  (Jiy. 


Fig.  10. 


H^ 


e),  vapieaented'  in  section  in  y?^.  d,  and  famisfaed  with  a  eross  in  the  eon- 
mni  fbena  of  its  object  and  eye-glass,  moveable  by  a  &ie4hTeaded  screw, 
bj  whioh  the  intersectioii  of  the  cross  may  be  brought  to  exact  ooineidenee 
^th  like  iHiags  of  the  nearest  of  the  divisions  of  the  cirole  formed  in  the 
fbena  ef  the  object  lena  upon  the  very  same  princi{^  with  that  explained, 
art  1&7  for  the  pointiii^  of  the  teleseope,  only  that  here  die  iducial  cmss 
aa  made  moneable;  and  by  the  turas  and  parts  of  a  tarn  of  the  screw 
required  ton  thia  purpose  the  c^tance  of  that  division  from  the  original  or 
■ero  point  of  the  microscope  may  be  estimated.  Thia  simple  but  delicate 
oontrivanee  i^vea  to  the  reading  off  of  a  circle  a  degree  of  aoonqtoy  only 
limited  by  the  power  of  the  mkrosoope,  and  the  perfection  with  whioh  a 
eerew  can  he  executed,  and  phuws  the  sid^divisioa  of  angles  on  the  same 
footing  ef  optical  eartaioty  which  is  introduced  huto  their  measurement  by 
the  use  ef  Uie  tdeaaop& 

(166.)  The  eaactaoas  of  ihit  result  thus  obtained  must  depend,  1st,  on 
the  pKciaion  withvhidb:  the  tnbe  a  6  can  be  pointed  to  the  objects ;  2dly, 
en  the  aocuraey  of  graduakiott  of  the  limb ;  3dly,  on  the  accuracy  with 
whioh  the  anbdivision  of  the  intervals  between  any  two  eoneeeative  gradn- 
ationa  can  be  performed.  The  mode  of  acqpmplishing  the  latter  object 
with  any  required  exaetneaa  has  been  explained  in  the  kat  article.  With 
regard  to  the  graduation  of  the  limb,  being  merely  of  a  mechanical  natan, 
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%sa  it  without  remark,  further  ttian  this,  that,  in  tbe  present 
trum<;ut-niukiDg,  tbe  amouat  of  error  from  this  source  of  iiuB- 
iduced  within  verj  uarruw  limits  indeed."     \Vith  regard  to  the 
8t  bo  obvious  that,  if  the  sights  o  i  bo  nothing  more  thin 
sts,  or  pia-holua  at  the  ends  of  a  hollow  tube,  or  an  ejre-hole 

and  a  cross  at  tbe  other,  no  greater  nicety  in  pointing  caa  be 
lan  what  simple  vision  with  the  naked  eje  can  coaiinand.     fiat 
of  these  simple  but  coarse  contrivancca,  the  tube  itself  be  con- 
■  II  tekmcopf,  having  an  objeclrglasB  at  h,  an  eye-pieco  at  a,  end 
rosa  in  their  common  focus,  as  explained  in  art.  157;  and  if     ' 

of  the  tube  on  tbe  limb  of  tbe  circle  be  arrested  when  tbe 
irought  ju6t  into  coincidence  with  the  intergectionol  point  of 
it  is  evident  that  a  greater  degree  of  exactness  maj  be  aH«ned 
iting  of  tbe  tube  than  by  the  unassisted  eye,  in  proportion  (o 
ying  power  and  distinctness  of  the  telescope  used, 
riic  siniple!jt  mode  in  which  the  measurement  of  an  anguhu  in- 
be  executed,  is  what  wo  have  just  described^  but,  ia  strictness, 
3  applicable  ouly  to  terrestrial  angles,  such  as  those  occupied 

1  only  remain  stationary  during  tbe  interval  while  the  telescope 
on  the  limb  from  one  object  to  tbe  other.     But  tbe  diurnal 
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tektoope  is  well  clamped,  we  equally  well  secure  the  position  of  its  diurnal 
circle  as  if  we  continued  to  <€6  it  ever  so  long.  The  reading  off  of  the 
limb  may  then  be  performed  at  leisure }  and  when  another  star  comes 
itmnd  into  the  plane  of  the  circle,  we  may  unclamp  the  telescope,  and  a 
mmilar  obfiervation  will  enable  us  to  assign  the  place  of  its  diurnal  circle 
on  the  limb :  and  the  observations  may  be  repeated  alternately,  every  day, 
ms  the  stars  pass,  till  we  are  satisfied  with  their  result. 

(168.)  This  is  the  principle  of  the  mural  circle,  which  is  nothing  more 
than  such  a  circle  as  we  have  described  in  art  163,  firmly  supported,  in 
the  plane  of  the  meridian,  on  a  long  and  powerful  horizontal  axis.  This 
axis  is  let  into  a  massive  pier,  or  wall,  of  stone  (whence  the  name  of  the 
instrument),  and  so  secured  by  screws  as  to  be  capable  of  adjustment 
l>oth  in  a  vertical  and  horizontal  direction ;  so  that,  like  the  axis  of  the 
transiti  it  can  be  maintained  in  the  exact  direction  of  the  east  and  west 
points  of  the  horizon,  the  plane  of  the  circle  being  conseqnently  truly 
meridional. 

(169.)  The  meridian,  being  at  right  angles  to  all  the  diurnal  circles 
described  by  the  stars,  its  are  intercepted  between  any  two  of  them  will 
measure  the  least  distance  between  these  circles,  and  will  be  equal  to  the 
di£ferenoe  of  the  declinations,  as  also  to  the  difference  of  the  meridian 
aliitudca  of  the  objects — at  least  when  corrected  for  refraction.  These 
JUftrencos^  then,  are  the  angular  intervals  directly  measured  by  the  mural 
circle.  Bat  from  these,  supposing  the  law  and  amount  of  refraction 
known,  it  is  easy  to  conclude,  not  their  differences  only,  but  the  quantities 
themselvesy  as  we  shall  now  explain. 

(170.)  The  declination  of  a  heavenly  body  is  the  complement  of  its 
distance  from  the  pole.  The  pole,  being  a  point  in  the  meridian,  might 
be  directly  observed  on  the  limb  of  the  circle,  if  any  star  stood  exactly 
therein ;  and  thence  the  polar  distances^  and,  of  course,  the  declinations 
of  all  the  rest,  might  be  at  once  determined.  But  this  not  being  the 
oase,  a  bright  star  as  near  the  pole  as  can  be  found  is  selected,  and  observed 
in  its  upper  and  lower  culminations ;  that  is,  when  it  passes  the  meridian 
above  and  hehw  the  pole.  Now,  as  its  distance  from  the  pole  remains 
the  same,  the  difference  of  reading  off  the  circle  in  the  two  cases  is,  of 
ooorse  (when  corrected  for  refraction),  equal  to  twice  the  polar  distance 
of  the  star;  the  arc  intercepted  on  the  limb  of  the  circle  being,  in  this 
ease,  equal  to  the  angular  diameter  of  the  star's  diurnal  circle.  In  the 
annexed  diagram,  H  P  0  represents  the  celestial  meridian,  P  the  pole, 
B  By  A  Q,  C  D  the  diurnal  circles  of  stars  which  arrive  on  the  meridian  at 
B,  A«  and  C  in  their  upper  and  at  R,  Q,  D  in  their  lower  culminations, 
of  which  D  and  Q  happen  above  the  horizon  11  0.  P  is  the  pole ;  and  if 
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we  sappofle  hpo  to  be  the  mural  drcle,  haying  S  for  its  oentre,  hacpi 
will  be  the  points  on  its  circumference  corresponding  toBAOPDinthe 
heavens.  Now  the  arcs  ha,hcjhd,  and  cdtae  given  immedtatelj  bj  dh 
servation ;  and  since  C  P  =  P  D,  we  have  also  cp=pd^  and  each  of  them 
=z^cdf  consequently  the  place  of  the  polar  point,  as,  it  is  called,  upon 
the  limb  of  .the  circle  becomes  known,  and  the  wcs  ph,  pa,  pc,  whieli 
represent  on  the  circle  the  polar -diitances  required,  become  also  known. 

(171.)  The  situation  of  the  pole  star,  which  is  a  very  briUiant  one,  h 
eminently  favourable  for  this  purpose,  being  only  about  a  degree  and  an  half 
from  the  pole ;  it  is,  therefore,  the  star  usually  and  almost  solely  chosen 
for  this  important  purpose ;  the  more  especially  because,  both  its  culmina- 
tions taking  place  at  great  and  not  very  different  altitudes,  the  refractions 
by  which  they  are  affected  are  of  small  amount,  and  differ  but  slightly 
from  each  other,  so  that  their  correction  is  easily  and  safely  applied.  .  The 
brightness  of  the  pole  star,  too)  allows  it  to  be  easily  observed  in  the  day- 
time. In  consequence  of  these  peculiarities,  this  star  is  one  of  constant 
resort  with  astronomers  for  the  adjustment  and  verification  of  instruments 
of  almost  every  description.  In  the  case  of  the  transit,  for  instance,  it 
furnishes  an  excellent  object  for  the  application  of  the  method  of  testing 
the  meridional  situation  of  the  instrument  described  in  art.  162,  in  fact, 
the  most  advantageous  of  any  for  that  purpose,  owing  to  its  being  the 
most  remote  from  the  zenith,  at  its  upper  culmination,  of  all  bright  stars 
observable  both  above  and  below  the  pole. 

(172.)  The  place  of  the  polar  point  on  the  limb  of  the  mural  circle 
once  determined,  becomes  an  origin,  or  zero  point,  from  which  the  polar 
distances  of  all  objects,  referred  to  other  points  on  the  same  limb,  reckon. 
It  matters  not  whether  the  actual  commencement  0^  of  the  graduations 
stand  there,  or  not ;  since  it  is  only  by  the  differences  of  the  readings 
that  the  arcs  on  the  limb  are  determined ;  and  hence  a  great  advantage  is 
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obtained  in  the  power  of  commencing  anew  a  fresh  series  of  observations, 
in  which  a  different  part  of  the  circumference  of  the  circle  shall  be 
employed,  and  different  graduations  brought  into  use,  by  which  inequalities 
of  division  may  be  detected  and  neutralixed.  This  is  accomplished  prac- 
tically by  detaching  the  telescope  from  its  old  bearings  on  the  circle,  and 
fixing  it  afresh,  by  screws  or  clamps,  on  a  different  part  of  the  circum- 
ference. 

(178.)  A  point  on  the  limb  of  the  mural  circle,  not  less  important 
than  the  pokw  jpotnt,  is  the  horizontal  point,  which,  being  once  known, 
becomes  in  like  manner  an  origin,  or  sero  point,  from  which  altitudes  are 
nekoned.  The  principle  of  its  determination  is  ultimately  nearly  the 
nme  with  that  of  the  polar  point  As  no  star  exists  in  the  celestial 
horiiOD,  the  observer  must  seek  to  determine  two  points  on  the  limb, 
the  one  of  which  shall  be  precisely  as  fiir  bdow  the  horiiontal  point  as 
the  other  is  above  it.  For  this  purpose,  a  star  is  observed  at  its  culmina- 
natioQ  on  one  night,  by  pointing  the  telescope  directly  to  it,  and  the  next, 
by  pointing  to  the  image  of  the  uime  star  reJUcted  in  the  still,  unruffled 
■vrfhoe  of  a  fluid  at  perfect  rest.  Mercury,  as  the  most  reflective  fluid 
known,  is  generally  chosen  for  that  use.  As  the  surfiice  of  a  fluid  at  rest 
u  necessarily  horizontal,  and  as  the  angle  of  reflection,  by  the  laws  of  optics, 
is  equal  to  that  of  incidence,  this  image  will  be  just  as  much  depressed 
bdow  Uie  horizon  as  a  star  itself  is  above  it  (allowing  for  the  difference 
of  refraodon  at  the  moment  of  observation).  The  arc  •intercepted  on  the 
Bmb  of  the  circle  between  the  star  and  its  reflected  image  thus  consccn- 
tively  observed,  when  corrected  for  refraction,  is  the  double  altitude  of 
tlie  star,  and  its  point  of  bisection  the  horizontal  point  The  reflecting 
sarfiMse  of  a  fluid  so  used  for  the  determination  of  the  altitudes  of  objects 
IS  called  an  artificial  horizon.^ 

(I74.)  The  mural  circle  is,  in  &ct,  at  the  same  time,  a  transit  instru- 
ment; and,  if  furnished  with  a  proper  system  of  vertical  wires  in  the 
Ibens  of  its  telescope,  may  be  used  as  such.  As  the  axis,  however,  is 
only  supported  at  one  end,  it  has  not  the  strength  and  permanence  neces^ 
sary  for  the  more  delicate  purposes  of  a  transit;  nor  can  it  be  verified,  as 
a  transit  may,  by  the  reversal  of  the  two  ends  of  its  axis,  east  or  west. 

I  By  a  peculiar  and  delicate  manipulation  and  management  of  the  letting  biaection 
and  reading  off  of  the  circle,  aided  by  the  nae  of  a  moveable  borisootal  micrometie 
wire  in  the  focoa  of  the  object-glaaa,  it  ia  found  practicable  to  obaenre  a  alow  moving 
star  (as  the  pole  atar)  on  mm  and  the  iome  nighty  both  by  reflection  and  direct  viaion, 
•■flidemly  near  to  either  culmination  to  give  the  horiiontal  point,  without  «iaking  the 
flbange  of  refraction  in  twentjr-foar  hoora;  ao  that  thia  aouroe  of  error  ia  thna  com- 
pittely  climinatad. 


^     •  * 
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owcver,  prevents  a  dirideJ  circle  being  pcrmanenUy  festenol 
of  a  transit  iustninieDt,  eiilier  Dear  to  one  of  ila  extremitiw, 
tbo  telescope,  bo  as  to  revolve  with  it,  tbe  resding  off  being 

ia  called  a  transit  cibclr,  or  a  meridian  circle,  and  servei 
ult*neoiis  detenuinatioQ  of  tbe  right  ascensioos  and  polar  dis- 
bjccta  observed  with  it ;  the  time  of  transit  being  noted  by  lliB 
the  oirole  being  read  ofiF  by  the  lateral  microscopeB.     There  is 
utage,  vrhen  oxtensive  catalogues  of  small  sbirs  have  to  be 
this  Bimultaneoua  determination  of  both  their  celestial  ccKir^ 

cscope  of  any  length  and  op^cal  poirer.     The  conjitmctioo  of 
irde  renders  this  highly  inconvenioat,  and  indeed  impracticable 
y  moderate  limits. 

rhe  determination  of  the  borisontal  point  on  the  limb  of  an 
is  of  such  essential  importance  in  astronomy,  that  the  etodeot 

the  artificial  horizon,  tbo  plumb-line,  (he  level,  and  the  coUi- 
jo  artificial  horLton  haa  been  already  explained.     The  plurab- 
e  thread  or  wire,  to  which  is  suspended  a  weight,  irboso  oscil- 
impcded  and  quickly  reduced  to  rest  by  plunging  it  io  water. 
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impoBnble  to  ezecate,  and  every  tabe  having  some  slight  corvature }  if 
the  ooovez  side  be  placed  upwards  the  bubble  will  occupy  the  higher  part, 
as  in  the  figure  (where  the  curvature  is  purposely  exaggerated).  Suppose 
such  a  tube,  as  A  B,  firmly  fastened  on  a  straight  bar,  C  D,  and  marked 
at  a  hf  two  points  distant  by  the  length  of  the  bubble;  then,  if  the 
instrument  be  so  placed  that  the  bubble  «hall  occupy  this  interval,  it  is 
dear  that  C  D  can  have  no  other  than  one  definite  inclination  to  the  hori- 
ion ;  becaosey  were  it  ever  so  little  moved  one  way  or  other,  the  bubble 
woold  shift  its  place,  and  run  towards  the  elevated  side.  Suppose,  now, 
thai  we  would  asoertiun  whether  any  given  line  P  Q  be  horizontal ;  let 
the  base  of  the  level  C  D  be  set  upon  it^  and  note  the  points  a  h,  between 
which  the  bubble  is  exactly  contained ;  then  turn  the  level  end  for  end, 
■0  that  C  shall  rest  on  Q,  and  D  on  P.  If  then  the  bubble  continue  to 
occupy  the  same  place  between  a  and  5,  it  is  evident  that  P  Q  can  be  no 
otherwise  than  horizontal.  If  not,  the  side  towards  which  the  bubble 
nibs  is  highest^  and  must  be  lowered.  Astronomical  levels  are  furnished 
with  a  divided  scale,  by  which  the  places  of  the  ends  of  the  bubble  can 
be  nicely  marked ;  and  it  is  said  that  they  can  be  executed  with  such, 
delioaej,  as  to  indicate  a  single  second  of  angular  deviation  firom  exact 
horiaontality.  In  such  levels  accident  is  not  trusted  to  to  give  the  requi- 
ute  oarvatare.  They  are  ground  and  polished  internally  by  peculiar 
maohanioal  processes  of  great  delicacy.  -^ 

(177.)  The  mode  in  which  a  level  may  be  applied  to  find  the  horizontal 
point  OB  the  limb  of  a  vertical  divided  circle  may  be  thus  explained ;  let 
A  B  be  a  telescope  firmly  fixed  to  such  a  eirole,  D  E  F,  and  moveable  in 
one  witb  it  on  a  horizontal  axis  C,  which  must  be  like  that  of  a  transit, 
snseeptible  of  reversal  (see  art.  161)  and  with  which  the  cuole  is  insep- 
aiabiy  oonnected.  Direct  the  telescope  on  some  distant  well-defined  object 
S,  and  bisect  it  by  its  horizontal  wire,  and  in  this  position  damp  it  fast. 
Let  L  be  a  level  fisistened  at  right  angles  to  an  arm,  L  E  F,  furnished  with 
a  microBOope,  or  vernier  at  F,  and,  if  we  please,  another  at  E.  Let  this 
arm  be  fitted  by  grinding  on  the  axis  C,  but  capable  of  moving  smoothly 
on  it  without  carrying  it  round,  and  also  of  being  clamped  fitst  on  it,  so  as 
to  prevent  it  from  moving  until  required.  While  the  telescope  is  kept 
fixed  OD  the  object  S,  let  the  level  be  set  so  as  to  bring  its  bubble  to  the 
marks  a  5,  and  chunp  it  there.  Then  wil!  the  arm  L  C  F  have  some  cer- 
tain determinate  inclination  (no  matter  what)  to  the  horison.  In  this 
position  let  the  drde  be  read  off  at  F,  and  then  let  the  whole  apparatus 
be  vtvermd  by  turning  its  horizontal  axis  end  for  end,  wiihout  undamping 
the  level  arm  from  the  axis.  This  done,  by  the  motion  of  the  whole  in- 
stnusent  (level  and  all)  on  its  axis,  restore  the  hvd  to  its  horisontal  pod- 
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he  bubble  at  a  b.     Then  we  are  sure  ihat  the  telescope  hu 
lie  inclin^tioii  to  the  horizon  the  ol/irr  icny,  tbat  it  had  wheo 
3,  and  the  reading  off  at  F  will  not  have  beeD  chaoged.     Now 
e  level,  and  keeping  it  nearly  horliontnl,  turn  round  the  circle 
,  80  »8  to  carrj  back  the  telescope  tlirouffh  the  scuith  to  S,  and 
ition  elamp  the  circle  and  telescope  faxt.     Then  it  is  eTident 

BR^BMIHATIOV  OV  THB  HOBHOHTAL  POINT. 


lOS 


inniimenible^ouefli  the  most  conveDient  means  of  ascertaining  the  horizon^ 
talpointj  is  that  afforded  bj  the  floating  collimator,  an  invention  of  Cap- 
tain Kater,  but  of  which  the  optical  principle  was  first  employed  by  Rit- 
tenhoosei  in  1785|  for  the  purpose  of  fixing  a  definite  direction  in  space 
by  the  emergence  of  parallel  rays  from  a  material  object  placed  in  the 
toooB  of  a  fixed  lens.  This  elegant  instrument  is  nothing  more  than  a 
small  telescope  famished  with  a  cross-wire  in  its  focus,  and  fastened  hori- 
Bontally,  or  as  nearly  so  as  may  be,  on  a  flat  iron  /hat,  which  is  made  to 
swim  on  mercury,  and  which,  of  course,  will,  when  left  to  itself,  assume 
always  one  and  the  same  invariable  inclination  to  the  horizon.  If  the 
oroas-wires  of  the  collimator  be  illuminated  by  a  lamp,  being  in  the  focus 
of  its  object-glass,  the  rays  from  them  will  issue  parallel,  and  will  there- 
Fig.  23. 


fim  be  in  a  fit  state  to  be  brought  to  a  focus  by  the  object-glass  of  any 
odier  ieleaoopey  in  which  they  will  form  an  image  as  if  they  came  from 
41  edntM  object  in  their  direction,  i.  e.  at  an  altitude  equal  to  their  decli- 
aalkm.  Thus  the  intersection  of  tha  cross  of  the  collimator  may  be  ob- 
aerved  om^  il  tcere  a  star,  and  that,  however  near  the  two  telescopes  are 
to  each  other.  By  transferring  then,  the  collimator  stiU  floating  on  a  ves- 
m1  of  mehBory  from  the  one  side  to  the  other  of  a  circle,  we  are  furnished 
with  two  qwui-celesHai  objects,  at  precisely  equal  altitudes,  on  opposite 
aides  of  the  centre ;  and  if  these  be  observed  in  succession  with  the  tele- 
aoope  of  the  cirde,  bringing  its  cross  to  bisect  the  image  of  the  cross  of  the 
collimator  (for  which  end  the  wires  of  the  latter  cross  are  purposely  set 
'45^  inclined  to  the  horiion),  the  difierence  of  the  readings  on  its  limb 
will  be  twice  the  zenith  distance  of  either ;  whence,  as  in  the  last  article, 
the  horiiontal  or  xenith  point  is  immediately  determined.  Another,  and, 
'  in  many  respects,  preferable  form  of  the  floating  collimator,  in  which  the 
telescope  is  vertical,  and  whereby  the  zenith  point  is  directly  ascertained, 
is  described  in  the  Phil.  Trans.  1828,  p^  257,  by  the  same  author. 

(179.)  By  far  the  neatest  and  most  delicate  application  of  thejprinct- 
pU  of  collinuUion  of  Bittenhouse,  however,  is  suggested  by  Benzenberg, 
which  affords  at  once,  and  by  a  single  observation,  an  exact  knowledge 
of  the  nadir  point  of  an  astronomical  circle.    In  this  combinatioir,  tho 
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ielewopei  be  brought  to  exact  eoincidence  with  it,  and  time  tnay  be 
allowed  to  examine  and  correct  this  coincidence,  if  not  at  first  accurately 
liity  which  is  the  case  in  no  other  situation.  Oenerally  speaking,  all 
angular  magnitudes  which  it  is  of  importance  to  ascertain  exactly,  should, 
if  possible,  be  observed  at  their  maxima  or  minima  of  increase  or  dimi- 
nution; because  at  these  points  they  remain  not  perceptibly  changed 
during  a  time  long  enough  to  oomplete,  and  even,  in  many  cases,  to 
repeat  and  verify,  our  observations  in  a  careful  and  leisurely  mauner. 
The  angle  which,  in  the  case  before  us,  is  in  this  predicament,  is  the 
altitude  of  the  star,  which  attains  its  maximum  or  minimum  on  the 
meridian,  and  which  is  measured  on  the  limb  of  the  mural  circle. 

(181.)  The  purposes  of  astronomy,  however,  require  that  an  observer 
should  possess  the  means  of  observing  any  object  not  directly  on  the 
meridian,  but  at  any  point  of  its  diurnal  course,  or  wherever  it  may 
present  itself  in  the  heavens.  Now,  a  point  in  the  sphere  is  determined 
by  reference  to  two  great  circles  at  right  angles  to  each  other;  or  of  two 
eireleay  one  of  which  passes  through  the  pole  of  the  other.  These,  in 
the  language  of  geometry,  are  co-ordinates  by  which  its  situation  is 
aaoertained:  for  instance, — on  the  earth,  a  place  is  known  if  we  know 
hi  longitude  and  latitude ;  —  in  the  starry  heavens,  if  we  know  its  right 
aaeenaicm  and  declination; — in  the  visible  hemisphere,  if  wo  know  its 
afimuth  and  altitude,  &c. 

(182.)  To  observe  an  object  at  any  point  of  its  diurnal  course,  we  must 
poMeas  the  means  of  directing  a  telescope  to  it ;  which,  therefore,  must  be 
oapable  of  motion  in  two  planes  at  right  angles  to  each  other ;  and  the 
amount  <^  ila  angular  motion  in  each  must  be  measured  on  two  circles 
eo-ordifuUe  to  eaoh  other,  whose  planes  must  be  parallel  to  those  in  which 
.  the  teleeeope  moves.  The  practical  accomplishment  of  this  condition  is 
effoeted  by  making  the  axis  of  one  of  the  circles  penetrate  that  of  the 
other  at  right  angles.  The  pierced  axis  turns  on  fixed  supports,  while 
^  other  has  no  connection  with  any  external  support,  but  is  sustained 
entirely  by  that  which  it  penetrates,  which  is  strengthened  and  enlarged 
at  the  point  of  penetration  to  receive  it.  The  annexed  figure  exhibits. 
'  the  simplest  form  of  such  a  oombination,  though  very  far  indeed  from 
the  beet  in  point  of  mechanism.  The  two  circles  are  read  off  by  ver- 
nierii  or  miorosoopes;  the  one  attached  to  the  fixed  support  whioh 
eairies  the  principal  axis,  the  other  to  an  arm  projecting  from  that  axis. 
Both  circles  also  are  susceptible  of  being  clamped,  the  clamps  being 
attached  to  the  same  ultimate  bearing  with  which  the  apparatus  for 
reading  off  is  connected. 

(188.). It  is  manifest  that  such  a  combination^  however  its  principal 
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(185.)  hk  this  potitioii  the  appantos  aasames  the  name  of  an  eguaiO' 
rial,  or,  aa  U  waa  fonnerly  oalled^  a  parallactic  iDstrument  It  is  a  moat 
oonyanient  inatnunent  for  all  auoh  obserTations  as  require  an  object  to  be 
kept  long  in  view,  becanaei  being  once  set  upon  the  object,  it  can  be  f(^- 
lowed  aa  long  aa  we  please  by  a  iingle  motion,  i.  e.  bj  merely  turning  the 
whole  apparatuB  roand  on  its  polar  axis.  For  since,  when  the  telescope 
IB  set  on  a  atar,  the  angle  between  its  direction  and  that  of  the  polar  axis  is 
•qnal  to  the  polar  distance  of  the  atar,  it  follows,  that  when  turned  about 
ita  axis,  without  altering  the  position  of  the  telescope  on  the  circle  G  H, 
the  point  to  which  it  is  directed  will  always  lie  in  the  small  circle  of  the 
haavena  coincident  with  the  star's  diurnal  path.  In  many  observations 
thia  is  an  inestimable  advantage,  and  one  which  belongs  to  no  other  instru- 
ment The  equatorial  is  also  used  for  determining  the  place  of  an  un- 
known by  comparison  with  that  of  a  known  object,  in  a  manner  to  be 
deaoribed  in  the  fifth  chapter.  The  adjustments  of  the  equatorial  are 
aomewhat  complicated  and  difficult  They  are  best  performed  in  thia 
manner: — lat,  Follow  the  pole  star  round  its  whole  diurnal  course,  by 
whioh  it  will  become  evident  whether  the  polar  axis  is  directed  above  or 
betoWy  to  the  right  or  to  the  left,  of  the  true  pole, — and  correct  it  accord* 
iii|^y  (without  any  attempt,  during  this  process,  to  correct  the  errors,  if 
aayy  in  the  position  of  the  declination  axis).  2dly,  after  the  polar  axis  ia 
thna  brought  into  adjustment,  place  the  plane  of  the  declination  circle  in 
or  near  the  meridian ;  and,  having  there  secured  it,  observe  the  transits 
of  aeveiml  known  stars  of  widely  different  declinations.  If  the  intervals 
between  these  transits  correspond  to  the  known  differences  of  right  ascen- 
aiona  of  the  stars,  we  may  bo  sure  that  the  telescope  describes  a  true 
meridian^  and  that,  therefore)  the  declination  axis  is  truly  perpendictdar 
lo  the  polar  one ;  —  if  not,  the  deviation  of  the  intervals  from  this  law 
will  indicate  the  direction  and  amount  of  the  deviation  of  the  axia  in 
qoeationy  and  enable  us  to  correct  it' 

(186.)  Avery  great  improvement  has,  within  a  few  years  of  the  present 
time,  been  introduced  into  the  construction  of  the  equatorial  instrument 
It  consiats  in  applying  a  clockwork  movement  to  turn  the  whole  instru* 
ment  round  upon  ita  polar  axis,  and  so  to  follow  the  diurnal  motion  of 
any  oeleatial  object,  without  the  necessity  of  the  observer's  manual  inter- 
vention.   The  driving  power  is  the  descent  of  a  weight  whioh  communi- 

'  See  Littrow  on  the  A4juitinent  of  the  ESqaatorial  (Mem.  Att.  S<>e.  toI.  ii.  p.  4A0» 
where  fomahB  ere  given  for  eecerteining  the  amoont  end  direction  of  all  the  miaad- 
jtttUnentt  wnaltaDeooelf.    But  the  practical  obeenrer,  who  wiahee  to  avoid  bevrilder 
Of  hmwalf  bj  doing  two  thinga  at  once,  had  better  proceed  as  recommended  in  the 
lezu 
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n  to  B  train  of  nheelworb,  ond  thus,  ultimately,  to  the  poW 
at  the  same  time,  ila  too  swlj\  dysicent  is  controlled  «ad  tego- 
5  exact  and  uniform  rate  required  Ui  give  that  axis  one  turn  in 
l)y  connecting  it  with  a  regulating  clock,  or  (whicU  is  foand 
in  praclioe")  by  esbausting  all  the  Buporflaoiw  energy  of  th« 
Tcr,  by  cauaiug  it  to  overcome  a.  regulated  friction.     ArtisU 
nccceded  in  obtaining  a  perfectly  smooth,  uniform,  and  riynJa- 
wliich,  when  so  applied,  serrea  to  retain  any  object  on  which  tbe 
lay  be  scl,  eon  modi  oualy,  in  the  centre  of  the  field  of  view  for 
-s  in  succession,  leaving  the  attention  of  the  observer  nndU- 

lerly. 

rhc  othct  position  in  which  such  a  compound  apporatuti  as  we 
ibed  ill  art,  182  may  bo  advantageously  mounted,  is  that  in 
principal  axis  occupies  a  vertical  position,  and  the  one  circle,  A 
ently  corresponds  to  the  celestial  horiion,  and  the  other,  (J  H, 
.1  circle  of  the  heavens.     The  angles  measured  on  the  former 
re  azimnlht,  or  differences  of  niirauth,  and  those  of  the  latter 
inccs,  or  altitudes,  according  as  the  gradoation  commcnees  from 
loint  of  its  limb,  or  from  one  flO"  distant  from  it.     It  ia  there- 
1  by  the  name  of  an  asi'mufh  ami  altitvih  instrument.     The 
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mt  the  moment  of  the  first  obaervation  above  the  eastern.  At  this  point 
let  the  motioQ  be  arrested,  and  the  horisontol  cirole  be  again  read  cfS, 
The  diffiwenoe  of  ihe  readings  will  be  the  azimuthal  arc  described  in  the 
interval.  Now,  it  is  evident  that  when  the  altitudes  of  any  star  are  equal 
on  either  side  of  the  meridiaoi  its  azimuths^  whether  reckoned  both  from 
the  north  or  both  from  the  south  point  of  the  horizon;  must  also  be  equal, 
— conseqoentlj  the  north  or  south  point  of  tiio  horizon  must  bisect  the 
aiimathal  are  thus  determined,  and  will  therefore  become  known. 

(189.)  This  method  of  determining  the  north  and  south  points  of  a 
hoiiiontal  oirole  is  called  the  ''  method  of  equal  altitudes,"  and  is  of  great 
and  constant  use  in  practical  astronomy.  If  we  note,  at  the  moments  of 
the  two  observations,  the  time,  by  a  clock  or  chronometer,  the  instant 
half-way  between  them  will  be  the  moment  of  the  star's  meridian  passage, 
whiob  may  thus  be  determined  without  a  transit;  and,  vice  versd,  the 
error  of  a  dock  or  chronometer  may  by  this  process  be  discovered.  For 
this  last  purpose,  it  is  not  necessary  that  our  instrument  shoilld  be  pro«> 
Tided  with  a  horizontal  circle  at  all.  Any  means  by  which  altitudes  can 
he  measured  will  enable  us  to  determine  the  moments  when  the  same  star 
arrives  at  equal  altitudes  in  the  eastern  and  western  halves  of  its  diurnal 
course ;  and,  these  once  known,  the  instant  of  meridian  passage  and  the 
error  of  the  clock  .become  also  known. 

(190.)  Thus  also  a  meridian  line  may  be  drawn  and  a  meridian  mark 
erected.  For  the  readings  on  the  north  and  south  points  on  the  limb  of 
the  hoiiiontal  circle  being  known,  the  vertical  circle  may  be  brought  ex« 
aotly  into  the  plane  of  the  meridian,  by  setting  it  to  that  precise  reading. 
This  done,  let  the  telescope  be  depressed  to  the  north  horizon,  and  let  the 
point  interseeted  there  by  ito  cross-wires  be  noted,  and  a  mark  erected 
there,  and  let  the  same  be  done  for  the  south  horizon.  The  line  joining 
these  pmnts  is  a  meridian  line,  passing  through  the  centre  of  the  hori- 
lODtal  drele.     The  marks  may  be  made  secure  and  permanent  if  required. 

(191.)  One  of  the  chief  purposes  to  which  the  altitude  and  azimuth 
eirele  is  applicable  is  the  investigation  of  the  amount  and  laws  of  refrac- 
tion. For,  by  following  with  it  a  circumpolar  star  which  passes  the 
lenith,  and  another  which  grazes  the  horizon,  through  their  whole  diurnal 
oourse,  the  exact  apparent  form  of  their  diurnal  orbits,  or  the  ovals  into 
which  their  eireles  are  distorted  by  refraction,  can  be  traced ;  and  their 
deviation  from  circles,  being  at  every  moment  given  by  the  nature  of  the 
otMcrration  in  the  direction  in  which  the  refraction  itself  taJces  place  (L  e. 
in  altitude),  is  made  a  matter  of  direct  observation. 

(192.)  The  xenith  sector  and  the  theodoiite  are  peculiar  modifications 
of  the  dtitude  and  azimuth  instrument    The  former  is  adapted  for  the 
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lobservation  of  bUm  in  or  near  the  renith,  by  giFing  a  gtMt 
e  vcnical  aii»,  and  eappreBsiog  sU  the  ciicumference  of  the 
Icle,  except  q  few  degrees  of  its  lower  part,  by  irhiali  a  great 
Lie,  and  a  con9ec|uent  proportional  enlargement  of  the  din- 
!,  ia  obtained.  The  latter  is  eapeciQlIy  devoted  to  the  me*- 
utal  angles  between  terrestrial  objects,  in  which  the  tele«OC^ 
I  to  be  elcv&ted  more  than  a  few  degrees,  kod  in  whieli, 
■the  vertical  circle  is  either  dispensed  vrith,  or  executed  oa  a 
■Ic,  and  with  less  delicacy;  while,  on  the  other  hand,  great  care 
ccuring  the  exact  perpendicularity  of  the  plane  of  the 
I,  by  resting  its  horizontal  axis  on  two  supports  like  the 
t,  which  themselves  are  £nnly  bedded  on  the 
Rbe  horizontal  circle,  and  turn  with  it.    \-\  ' 

e  nest  instrument  wo  shall  describe  ia  one  by  whose  aid  the 
Btance  of  any  two  objccia  may  be  measured,  or  the  altitude  of 
He  determined,  cither  by  meaauriug  its  distance  &om  the  visiblt 
a-uffing,  allowing  for  its  dip),  or  from  its  own  reflco- 
I  surface  of  mercury.  It  is  the  sestant,  or  quadrant,  oontmonlj 
mley't,  from  its  reputed  inveulor,  though  the  priority  of  inven' 
;s  undoubtedly  to  Newton,  whose  claims  to  the  gratitude  of  the 
i  doubled,  by  bis  hax'Jng  fumisbed  at  once  the    only 
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•t  Um  sztmnify  1!  d  wliicb  a  Ternier  is  plaeed  to  read  off  tbs  diriKions 
of  tlie  linb.  On  tfae  ndins  A  C  is  Kt  a  telescope  F,  throogb  which  any 
objcel,  Q,  may  be  seen  hj  direct  rays  which  paia  throngh  the  nniilTsred 
pottiOB  of  the  ^aaa  D,  while  another  object,  P,  is  seen  through  the  laine 
teleaaope,  bj  rajs,  which,  after  reflection  at  0,  have  been  thrown  upon  the 
rilTved  part  of  D,  and  are  tbenoe  directed  by  a  scoond  nfleetdoD  into  tbe 

Fig.  26. 


tslMBope.  Tbe  two  images  so  formed  will  both  be  seen  in  Qtt  field  of 
vk*  «t  once,  and  by  mofing  the  radius  C  E  will  [if  the  reflectors  be  truly 
petpcndionlar  to  the  plane  of  the  circle)  meet  and  pass  over,  without  ohlit- 
enting  each  other.  The  motion,  however,  is  airealed  when  they  meet, 
snd  it  thit  point  the  angle  inoloded  between  the  direction  C  P  of  one  ob- 
jeet,  and  P  Q  of  the  other,  is  twice  the  angle  E  C  A  ioclnded  between  the 
fixed  and  moreable  radii  CA,  GE.  Now,  the  graduations  of  tfae  limb 
being  pupoeely  nude  only  half  as  distant  as  would  eoirespond  to  degrees, 
tbe  m,  A  S,  when  read  off,  as  if  the  graduotions  were  whole  degrees,  will, 
in  be^  read  double  its  real  amonnt,  and  therefore  the  numbere  so  read  off 
will  expna,  not  the  angle  £  C  A,  bnt  its  double,  tbe  angle  subtended  by 
tbe  abbots. 

(196.)  To  determine  the  exact  distances  between  the  stars  by  direct 
obeervatioB  is  eomporatively  of  little  service;  bnt  in  nautical  astronomy 
tbs  measarement  of  their  distances  from  tbe  moon,  and  of  their  altitudes, 
ia  of  enential  importanoe;  and  as  tbe  sextant  requires  no  fixed  suppt^, 
bvt  SB  be  held  in  the  hand,  and  used  on  ship-board,  the  utility  of  the 
nutrnment  becomes  at  once  obvious.  For  altitudes  at  sea,  as  no  level, 
plnmb'liiie,  or  artifinal  horiion  can  be  need,  the  sea-offing  affords  the  only 
Jtvuuiue ;  and  the  image  of  the  star  observed,  seen  by  reflection,  is  brought 
to  floioeide  with  the  boundary  of  tbe  sea  seen  by  direct  rays.  Thus  the 
altitade  above  the  eeo-line  it  found ;  and  this  corrected  for  the  dip  of  Ae 
ipHaon  (art.  28)  gives  die  tnie  altitade  of  the  star.    On  land,  an  artifi- 
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n  may  be  used  (art.  173),  and  the  consideration  of  dip  is  ren- 
;cc3sary. 

The  adjuBtmcnta  of  the  sextant  are  simple.     Tbej  consist  in 
two  reflectors,  the  one  on  tlie  revolving  radius  C  E,  the  other 

he  cirde,  and  pardlel  to  oach  other,  when  the  readiDg  of  the 
,  in  zero.     This  cdjustment  in  the  latfer  respect  is  of  Utile 
A  its  effect  is  to  produce  a  lonslaiil  error,  whose  amount  'a 
ertaioed  hy  bringiog  the  two  images  of  one  and  the  same  star 
:^tant  object  to  eoincidence ;  when  the  instrument  uwjhl  to  read 
f  it  does  not,  the  angle  which  it  i/ocs  read  is  the  zero  correction 
x  subtracted  from  nil  angles  measured  with  the  seitant.     The 
ustmenls  arc  essentia]  to  be  maintained,  and  are  performed  by 
Fs,  by  whose  aid  either  or  both  the  glasses  may  be  tllud  a  little 
another  until  the  direct  and  rcfloeted  images  of  a  vertical  line  (a 
)  can  be  brought  to  coincidence  over  tlicir  whole  exlent,  SO  M 
iingle  unbroken  straight  lino,  whatever  be  the  position  of  the 
irm,  in  the  middle  of  the  field  of  view  of  the  telescope,  whose 
efully  adjusted  by  the  optician  to  parallelism  with  the  plane  of 
In  practice  it  is  usual  to  leave  only  the  reflector  D  on  the  fiirf 

ranroiPLi  or  bepbtriov. 
ng.r. 


■bleoa  0,  the  common  axii  of  two  circles,  AML  andafie,  of  wkicb  Ibe 
fom«r,  A  M  L,  is  abeolntely  fixed  in  tbe  pboe  of  the  objects,  and  carrieB 
tbe  gndnadons,  and  the  latter  is  freely  moveable  on  the  axis.  The  teU- 
■K^  is  attacked  permanently  to  the  latter  circle,  and  moves  with  it  An 
■nn  0  a  A  carries  tho  index,  or  Temier,  which  reads  off  the  grediutled 
limb  of  the  fixed  drcla.  This  arm  is  provided  with  two  clamps,  by  which 
it  can  bo  tempoiarilj  oonneoted  with  either  circle,  and  detached  at 
plearore.  Sappose,  now,  the  telescope  directed  to  P.  Clamp  the  index 
iim  0  A  to  the  inner  drole,  and  nnolamp  it  from  the  outer,  and  read  off. 
Then  cany  the  telescope  ronnd  to  the  other  object  Q.  In  so  doing,  the 
inner  oircle,  and  the  index-arm  which  is  cbmped  to  it,  will  also  be  carried 
ronnd,  over  an  arc  A  B,  on  the  graduated  limb  of  the  outer,  equal  to  the 
an^  PO  Q.  Now  olamp  the  index  to  the  outer  circle,  and  nnclamp  the 
inner,  and  read  off :  the  differanoe  of  readings  will  of  coarse  meaaoie  the 
angle  P  0  Q ;  but  the  result  will  be  liable  to  two  sources  of  error  —  Uut 
cJ  graduation  and  that  of  observation,  both  which  it  is  our  object  to  get 
rid  of.  To  this  end  tnnsfer  tho  telesoope  back  to  F,  xnitJiout  uDclamping 
the  arm  from  the  outer  drcle;  then,  having  made  the  bisection  of  P, 
clamp  the  arm  to  (,  and  nnclamp  it  from  B,  and  again  transfer  the  tele- 
scope to  Q,  by  which  the  arm  will  now  be  carried  with  it  to  G,  over  a 
seetnd  arc,  BC,  equal, to  tho  angle  POQ.  Now  again  read  off;  then 
will  the  difference  between  this  reading  and  the  original  one  measure 
tteux  the  angle  POQ,  affected  with  both  errors  of  observation,  but  only 
with  the  tame  error  of  graduation  a>  before.  Let  this  process  be  re- 
peated as  often  as  we  plesse  (snppose  ten  times) ;  then  will  the  final  arc 
A  BCD  read  off  on  the  circle  be  ten  times  the  required  angle,  affected 
by  the  joint  errors  of  all  the  ten  observations,  but  only  by  tbe  same  con- 
Rant  error  of  graduation,  which  depends  on  the  initial  and  final  readings 
off  alone.     Now  the  eiron  of  observation,  when  numerous,  tend  to 
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iepetiieot  (by  some  meeliaiiic&I  moveukest)  on  Ae  wffl  of  the  observe, 
wad  in  my  re^ifed  cfiroctfon  ttom  one  another.  Am  these  cut,  (hereftre/ 
be  ande  to  approedi  to  or  rsocxle  from  eaeb  irtlier  at  pleasnre^  they  may 
be  bnmjsbi  in  the  frst  plaoe  to  approach  tilf  they  tonek  one  anofh^oar 
6M  side,  as  at  A  Cy  and  then  being  n^^ds  by  eontihttin|(  tbe  motiott  to 
cross  ai^  tofoA  (ta  the  oppdifte  side,  a^  A  D,  it  far  evident  iiM  tfter 
fmniity  of  movement  reqnired  to  produce  the  diange  te6ni  oti&  contMl 
aitbeodiery  t/'im{/brmyirill  fitccutef^  the  deobte  diameter  of  the  objeelA« 
(20t.)  Inaamerable  optSoat*  combhiations  may  be  defised  tsi  bperate 
Bodi  dnpfication.  The  chief  and  most  important' (frtmt  its  recent-  ap]^ 
cations,)  is  die  hdimnetefy  in  which  the  image  is  fivided  by  ItfseiBting  db 
objeei-glau  of  the  teUscopej  and  making  its  two  halveSj  set  in  sepanMr 
brass  firameS|  sKde  latemlly  on  each  other,  as  A  B,  the  motion  being 

Fig.  80. 


prodnoed  and  measured  by  a  screw.  Each  half,  by  the  laws  of  optics, 
foims  its  own  image  (somewhat  blurred,  it  is  true^  by  difiraction^')  in  its 
own  ajBs;  and  thus  two  equal  and  similar  images  are  formed  side  by  side 
in  the  fbcos  of  the  eye-piece^  which  may  l)e  made  to  approach  and  reoeda 
by  the  motion  of  the  screw,  and  thus  afford  the  means  of  measurement 
u  above  described.  -^^ 
(202.)  Double  renractiou  through  oystallised  media  affords  another 

■  TUs  nriaht  be  cwed,  fbdnah  «t  nf  excuse  of  lighr,  by  Hntitisif  each  hatf  w  a 
br  dinihrmsn,  as  ieptiwcaiodr  by  thi  detist  iii 
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ccompIiBhiug  the  fiame  end.     AVItbout  going  into  the  intricfr 

difficult  branch  of  optics,  it  will  suffice  to  sUte  that  objecU 
■ongh  certain  cryslala  (sb  Iceland  spar,  or  quartz)  appear 
1  images  equally  distinct  being  formed,  wLoae  angular  distance 
other  Titries  from  nothing  (or  perfect  coincidence,)  Dp  to  a 
it,  accordiiuj  to  the  direction  v:ith  Te*pect  to  a  certain  firtd 

crystal,  uUled  its  optical  axis.  Suppose,  then,  to  take  the 
ise,  that  the  eje-lens  of  a  telescope,  instead  of  glass,  were 
such  a  ciTstol  (say  of  quarts,  which  may  be  worked  as  well  or 

glass,)  and  of  a  itpheriml  form,  bo  as  to  offer  no  difference 
fd  about  on  its  centre,  other  than  the  inclination  of  its  optical 
visual  ray.     Then  when  that  ajcis  coincidea  with  the  Uds  of 

of  the  objeclrglass,  one  image  only  will  be  seen,  but  .when 
jTolve  on  an  axis  perpendicular  to  that  line,  two  will  ariee, 
adually  out  from  each  other,  and  thus  originating  the  de^red 
.     la  this  contrivance,  the  angular  amount  of  the  rotation  of 

Of   all  methods  which  have  been   proposed,   however,   the 
id  most  unobjectionable  would  appear  to  be  the  following,     II 

MI0B0KITBB6. '  IIT 

on  a  droahr  plate  of  parallel  glass,  or  otherwise  sustained,  close  to  and 
oonoentrio  wiUi  the  other  by  a  framework  of  metal  so  light  as  to  inter- 
cept but  a  small  portion  of  the  light  which  passes  on  the  outside  (as  in 
the  annexed  figure,)  where  the  dotted  lines  represent  the  radii  sustaining 
one,  and  the  undotted  those  carrying  the  other  disc.  The  whole  must 
be  10  mounted  as  to  allow  one  disc  to  revolve  in  its  own  plane  behind 
the  other,  fixed,  and  to  allow  the  amount  of  rotation  to  be  read  off.  It 
IB  evident^  then,  that  when  the  deviations  produced  by  the  two  discs 
oonapire,  a  total  deviation  of  10'  will  be  effected  on  all  the  light  which 
has  paased  through  them ;  that  when  they  oppose  each  other,  the  rays 
.will  emerge  undeviated,  and  that  in  intermediate  positions  a  deviation 
.wyiog  from  0  to  IV,  and  calculable  from  the  angular  rotation  of  the 
one  diao  on  the  other,  will  arise.  Now,  let  this  combination  be  applied 
aft  such  a  pdnt  of  the  cone  of  rays,  between  the  object-glass  and  its 
toooBf  that  the  discs  shall  occupy  exactly  half  the  area  of  its  section. 
Then  will  half  the  light  of  the  object  lens  pass  undeviated — the  other 
half  deviated,  as  above  described;  and  thus  a  duplication  of  image, 
variable  and  measureable  (as  required  for  micrometrio  measurement)  will 
ocenr.  If  the  object-glass  be  not  very  large,  the  most  convenient  point 
of  its  application  will  be  externally  before  it,  in  which  case  the  diameter 
of  the  discs  will  be  to  that  of  the  object^lass  as  707  :  1000  -,  or  (allow- 
ing for  the  spokes)  about  as  7  to  10. 

(204.)  The  Pontion  Micrometer  is  simply  a  straight  thread  or  wire 
which  ia  carried  round  by  a  smooth  revolving  motion,  in  the  common  focus 
of  the  objeot  and  eye-glasses,  in  a  plane  perpendicular  to  the  axis  of  the 
telescope.  It  serves  to  determine  the  situation  with  respect  to  some  fixed 
line  in  the  field  of  view,  of  the  line  joining  any  two  objects  or  points  of 
an  objeot  seen  in  that  field  —  as  two  stars,  for  instance,  near  enough  to  be 
seen  at  once.  For  this  purpose  the  moveable  thread  ia  placed  so  as  to 
cover  both  of  them,  or  stand,  as  may  best  be  judged,  parallel  to  their  line 
of  junction.  And  its  angle,  with  the  fixed  one,  is  then  read  off  upon  a 
small  divided  cirole  exterior  to  the  instrument  When  suoh  a  micrometer 
is  applied  (as  it  most  commonly  is)  to  an  equatorially  mounted  telescope, 
the  aero  of  its  position  corresponds  to  a  direction  of  the  wire,  such  as,  pro- 
longed, will  represent  a  circle  of  declination  in  the  heavens — and  the 
**  angles  ai  position ''  so  read  off  are  reckoned  invariably  from  one  point, 
and  in  one  direction,  vis.,  norihy /oihunngy  Bouth^  preceding ;  so  that  0^ 
poaitioD  corresponds  to  the  situation  of  an  object  exactly  north  of  that  aa^ 
fUmed  as  a  centre  of  reference, —  90^  to  a  situation  exactly  eattward  or 
/Mnoing  ;  180^  exactly  mnUh  ;  and  270^  exactly  west,  or  preceding  in 
file  order  at  diurnal  movement 
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iBto  the  ymooB  forms  of  moantun;  tablo  bmd,  and  rtXiej ;  nei^er  slioidd 
the  farm  (tf  Uie  bed  of  the  ocean,  vegarded  as  a  eontrnuatkm  of  the  sor- 
ftoe  of  the  knd  beneath  the  water,  be  left  out  of  consideration:  we 
know,  it  18  trae,  tery  little  of  it ;  but  this  is  an  ignorance  rather  to  be 
lamented,  and,  if  possible,  remedied,  than  acquiesced  in,  inasmuch  as 
there  are  many  very  important  branches  of  inquiry  which  would  be 
greatly  advinoed  by  a  better  acquaintance  with  it 

(807.)  With  regard  to  the  figure  of  the  earth  as  a  trAofe,  we  hare 
already  shown  Uiat^  speaking  loosely,  it  m^y  be  regarded  as  spherical;  but 
tlie  Tttder  who  has  duly  appreciated  the  remarks  in  art.  22  will  not  be  at 
a  loss  to  peroeiTe  ^t  this  result,  concluded  from  observations  not  suscep- 
tifale  of  much  exactness,  and  embracing  very  small  portions  of  the  surface 
al  onee,  can  only  be  regarded  as  a  first  approximation,  and  tnay  require  to 
be  materially  modified  by  entering  into  minutiss  before  neglected,  or  by 
increasing  the  delicacy  of  our  obsenrations,  or  by  including  in  their  extent 
larger  areas  of  its  suiiace.  For  instance,  if  it  should  turn  out  (as  it  will), 
on  minuter  inquiry,  that  the  true  figure  is  somewhat  elliptical,  or  flattened, 
in  the  manner  of  an  orange,  having  the  diameter  which  coincides  with  the 
axis  about  g^^th  part  shorter  than  the  diameter  of  "its  equatorial  circle; 
•*~th]8  is  so  trifling  a  deviation  from  the  spherical  form  that,  if  a  model 
of  BoA  proportions  were  turned  in  wood,  and  laid  before  ns  on  a  table, 
the  nicest  eye  or  hand  would  not  detect  the  flattening,  since  the  difference 
ti  diameters,  in  a  globe  of  fifteen  inches,  would  amount  only  to  ^^th  of 
an  inch.  In  all  common  parlance,  and  for  all  ordinaiy  purposes,  then,  it 
woidd  still  be  called  a  globe ;  while,  nevertheless,  by  careful  measurement, 
tho  diflerence  would  not  fkil  to  be  noticed;  and,  speaking  strictly,  it  would 
be  termed,  not  a  globe,  but  an  oblate  ellipsoid,  or  spheroid,  which  is  the 
name  appropriated  by  geometers  to  the  form  above  described. 

(208.)  The  sections  of  such  a  figure  by  a  plane  are  not  circles,  but 
ellipses ;  so  that,  on  such  a  shaped  earth,  the  horizon  of  a  spectator  would 
nowhere  (except  at  the  poles)  be  exactly  circular,  bnt  somewhat  elliptical. 
It  is  easy  to  demonstrate,  however,  that  its  deviation  from  the  circular 
form,  arising  from  so  slight  an  '*  dlipHcity  "  as  above  supposed,  would  be 
quite  imperceptible,  not  only  to  our  eye-nght,  but  to  the  test  of  the  dip- 
■eotor;  so  that  by  that  mode  of  observation' we  should  never  be  led  to 
BoCice  so  small  a  deviation  from  perfect  spherici^.  How  we  are  led  to 
this  conclusion,  as  a  practical  result,  will  appear,  when  wo  have  explained 
the  means  of  determining  with  accuracy  the  dimensions  of  the  whole,  or 
any  part  of  tho  earth. 

(209.)  As  we  cannot  grasp  the  earth,  nor  recede  from  it  far  enough  to 
^ew  it  at  once  as  a  whole,  and  compare  it  with  a  known  standard  of  mea- 
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sure  m  any  degree  oommensnrate  to  its  own  sisei-but  can  only  creep  about 
upon  it,  and  apply  our  diminutive  measures  to  comparatively  small  parts 
of  its  vast  sur&ce  in  succession,  it  becomes  necessary  to  supply,  by  geo- 
metrical reasoning,  the  defect  of  our  physical  powers,  and  from  a  delicate 
and  careful  measurement  of  such  small  parts  to  condade  the  form  and 
dimensions  of  the  whole  mass.  This  would  present  little  difficulty,  if  we 
were  sure  the  earth  was  strictly  a  sphere,  for  the  proportion  of  the  cir> 
cumfcrence  of  a  circle  to  its  .diameter  being  known  (vis.  that  of  3*1415926 
to  1-0000000),  we  have  only  to  ascertain  the  length  of  the  entire  oiroom- 
fercnce  of  any  great  circle,  such  as  a  meridian,  in  miles,  feet,  or  any  other 
standard  units,  to  know  the  diameter  in  units  of  the  same  kind.  Now, 
the  circumference  of  the  whole  circle  is  known  as  soon  as  we  know  the 
exact  length  of  any  aliquot  part  of  it,  such  as  1^  or  ^Jijth  part ;  and  this, 
being  not  more  than  about  seventy  miles  in  length,  is  not  beyond  the 
limits  of  very  exact  measurement,  and  could,  in  fact,  be  measured  (if  we 
knew  its  exact  termination  at  each  extremity)  within  a  very  few  feety  or, 
indeed,  inches,  by  methods  presently  to  be  particularized. 

(210.)  Supposing,  then,  we  were  to  begin  measuring  with  all  due  nicety 
from  any  station,  in  the  exact  direction  of  a  meridian  and  go  measuring 
on,  till  by  some  indication  we  were  informed  that  we  had  accomplished  an 
exact  degree  from  the  point  we  set  out  from,  our  problem  would  then  be 
at  once  resolved.  It  only  remains,  therefore,  to  inquire  by  what  indica- 
tions we  can  be  sure,  1st,  that  wo  have  advanced  an  exact  degree  ;  and, 
2dlj,  that  we  have  been  measuring  in  the  exact  direction  of  a  great  circle. 

(211.)  Now  the  earth  has  no  landmarks  on  it  to  indicate  degrees,  nor 
traces  inscribed  on  its  surface  to  guide  us  in  such  a  course.  The  compass, 
though  it  affords  a  tolerable  guide  to  the  mariner  or  the  traveller,  is  fiir 
too  uncertain  in  its  indications,  and  too  little  known  in  its  laws,  to  be  of 
any  use  in  9uch  an  operation.  We  must,  therefore,  look  outwards,  and 
refer  our  situation  on  the  surface  of  our  globe  to  natural  marks,  external 
to  it,  and  which  are  of  equal  permanence  and  stability  with  the  earth 
itself.  Such  marks  are  afforded  by  the  stars.  By  observations  of  their 
meridian  altitudes,  performed  at  any  station,  and  from  their  known  polar 
distances,  we  conclude  the  height  of  the  pole ;  and  since  the  altitude  of 
the  pole  is  equal  to  the  latitude  of  the  place  (art.  119)  the  same  obser- 
vations give  the  latitudes  of  any  stations  where  we  may  establish  the 
requisite  instruments.  When  our  latitude  then,  is  found  to  have  dimin- 
ished a  degree,  we  know  thht,  jyrovidrd  ice  have  kept  to  tJie  mfridian,  we 
have  described  one  three  hundred  and  sixtieth  part  of  the  earth's  circum- 
ference. 

(212.)  The  direction  of  the  meridian  may  be  secured  at  every  instant 
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by  the  observAtioDB  described  in  art  162, 188 ;  and  althoagb  local  diffi- 
CttlUea  may  oblige  na  to  deviate  in  our  measurement  from  tbis  exact  direc- 
tion, yet  if  we  keep  a  strict  account  of  tbe  amount  of  tbis  dcTiation,  a 
yery  simple  calculation  will  enable  us  to  reduce  our  observed  measure  to 
its  meridional  value. 

(213.)  Such  is  tbe  principle  of  that  most  important  geograpbical  ope- 
ratioQi  the  measurement  of  an  arc  of  tbe  meridian.  In  its  detail,  however, 
ft  MHnewhat  modified  course  must  be  followed.  An  observatory  cannot  be 
moonted  and  dismounted  at  every  step ;  so  that  we  cannot  identify  and 
neaaure  an  exact  degree  neither  more  nor  less.  But  tbb  is  of  no  conse- 
qnenoe,  provided  we  know  with  equal  precision  how  mvch,  more  or  leas, 
we  have  measured.  In  place,  tben,  of  measuring  tbis  precise  aliquot 
parl^  we  take  the  more  convenient  method  of  measuring  from  one  good 
observing  station  to  another,  about  a  degree,  or  two  or  three  degrees,  as 
the  ease  may  be,  or  indeed  any  determinate  angular  interval  apart,  and 
determining  by  astronomical  observation  tbe  precise  difference  of  latitudes 
between  the  stations. 

(214;)  Again,  it  is  of  great  consequence  to  avoid  in  this  operation 
every  aonroe  of  uncertainty,  because  an  error  committed  in  the  length  of 
a  single  degree  will  be  multiplied  860  times  in  the  circumference,  and 
nearly  115  times  in  the  diameter  of  the  earth  concluded  from  it.  Any 
•rror  which  may  affect  tbe  astronomical  determination  of  a  star's  altitude 
will  be  especially  influential.  Now,  there  is  still  too  much  uncertauity 
and  flootnation  in  tbe  amount  of  refraction  at,  moderate  altitudes,  not  to 
make  it  especially  desirable  to  avoid  this  source  of  error.  To  effect  tbis, 
we  take  care  to  select  fur  observation,  at  the  extreme  stations,  some  star 
which  passes  through  or  near  the  zeniths  of  both.  The  amount  of  refrao- 
tion,  within  a  few  degrees  of  the  zenith,  is  very  small,  and  its  fluctuations 
and  uncertainty,  in  point  of  quantity,  so  excessively  minute  as  to  be 
utterly  inappreciable.  Now,  it  is  tbe  same  thing  whether  we  observe  tbe 
pole  to  be  raised  or  depressed  a  degree,  or  the  zeiiith  distance  of  a  star 
when  on  a  meridian  to  have  changed  by  the  same  quantity  (fig.  art.  128). 
If  at  one  station  we  observe  any  star  to  pass  through  the  zenith,  and  at 
the  other  to  pass  one  degree  south  or  north  of  the  zenith,  we  are  sure  that 
the  geographical  latitudes,  or  the  altitudes  of  the  pole  at  the  two  stations, 
most  differ  by  the  same  amount. 

(215.)  Granting  that  the  terminal  points  of  one  degree  can  be 
ascertained,  its  length  may  be  measured  by  the  methods  which  will  be 
presently  described,  as  we  have  before  remarked,  to  within  a  very  few  feet 
Now,  tbe  error  which  may  be  committed  in  fixing  each  of  these  terminal 
p<nnt8  cannot  exceed  that  which  may  be  committed  in  the  observation  of 
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Idbtaacc  of  a  star  properly-  situated  for  the  purpoM  lo  question. 

*ith  prnpcr  care,  can  faarJlj  eiceeil  Jialf  i  second.    Sopposing 

c  possibility  of  tflU  feet  of  error  in  the  length  of  each  degree 

arc  of  five  degrees,  and  of  half  a  second  In  each  of  the 

s  of  one  star,  obseired  at  the  uorthern  and  southern  it*- 

■lastly,  suppose  all  tho»c  errors  to  conspire,  so  as  to  tend  all  of 

!  a  result  greater,  or  all  less,  than  the  truth,  it  will  appear, 

taay  proportion,  that  the  whole  amouot  of  error  which  would 

ftailod  on  an  estimate  of  the  earth's  diameter,  as  concluded 

p  measure,  would  not  exceed  1147  jarda,  or  about  two  thirds 

ftnd  this  is  ample  allowanee. 

Bhis,  however,  sopposoB  that  the  fonn  of  the  earth  is  that  of  a 
in  consequence,  the  lengths  of  its  degrees  in  all  porta 
nuol.  But,  when  wa  eotae  to  compare  the  measures  of  men- 
J  made  in  various  parts  of  the  globe,  the  results  obtained, 
liey  agree  sufficiently  to  show  that  the  supposition  of  a  spherical 
'•■ry  remote  from  the  truth,  yet  esbjbit  disotu^anees  fiir 
ID  what  we  have  shown  lo  be  attributable  to  error  of  observation, 
■reodcr  it  evident  that  the  hypothesis,  in  strictness  of  its  word- 
■oable.  The  following  table  exhibits  the  lengths  of  arcs  of  the 
patronomically  dettrmincd  as  above  described),  expressed  i 
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• 

ft 

Maaa 
Lnngth  of 

OmiiiIiT. 

lAtltad«or 
MlddtoofAre. 

Are 
■HMturwL 

MoanaTod 
Length  in 

VMt 

tbeUeipree 

at  the  Mid- 

die  Lati- 

. 

tude  in 

• 

Feet. 

Sweden,*  A  B   • 

4-66^  ^  lO"-0 

1«37' 

19"-6 

593277 

365744 

Sweden,  A 

+  66 

19 

37 

0    67 

30-4 

351832 

367086 

Ruttia,  A 

+  58 

17 

37 

3    35 

5-2 

1309742 

365368 

RuMia,  B 

+56 

3 

55-5 

8      2 

28-9 

2937439 

365291 

Pnttna,B 

+  54 

58 

26^ 

I    30 

290 

551073 

365420 

Denmark,  B 

+  54 

8 

13-7 

1    31 

63-3 

5591-21 

365087 

HanoTer,  A  B    - 

+  52 

32 

16-6 

2     0 

57-4 

736425 

365300 

England,  A 

+  52 

35 

45 

3    57 

131 

1442953 

364971 

Entland,  B 

+  52 

2 

19-4 

2   50 

23-5 

1036409 

364951 

'    Franot,  A 

+46 

fia 

2 

8    20 

0.3 

3040605 

364872 

Fmoaa,  A  B 

+44 

51 

2-5 

1^   22 

12-7 

4509832 

364572 

R^me,  A           • 

+42 

59 

— — 

2     9 

47 

787919 

364262 

Afneriea,  A        *        - 

+3§ 

12 

— . 

1    28 

45-0 

538100 

363786 

.!    India,  A  B 

+  16 

« 

91-5 

15   57 

407 

5794598 

363044 

India,  A  B 

+  12 

32 

20-6 

1    34 

56-4 

574318 

362956 

PerOyAB 

—  I 

31 

0-4 

3      7 

3-5 

1131050 

363626 

Capa  of  Good  Hope,  A 

_33 

18 

30 

1    13 

17-5 

445506 

364713 

Capa  or  Good  Hope,  B 

1^35 

43 

90-0 

3    84 

34-7 

1301993 

364060 

ll  it  efident  from  a  mere  inspectioQ  of  the  Becond  and  fifth  colamns  of 
lliis  table,  that  the  measured  length  of  a  degree  increases  with  the  lati- 
imde^  being  {greatest  near  the  poles,  and  least  near  the  eqaator.  Let  ns 
now  ooDBider  what  interpretation  is  to  be  put  upon  this  oonclnsion,  as 
ttg^ads  the  form  of  the  eartlnp" 

(217.)  Suppose  we  held  in  our  bands  a  mgdel  of  the  earth  smoothly 
ionied  in  wood,  it  would  be,  as  already  observed,  so  nearly  spherical,  that 
neither  by  the  eye  nor  the  touch,  unassisted  by  instruments,  oomld  we 
detect  any  deviation  from  that  form.  Suppose,  too,  we  were  debarred 
from  measuring  directly  across  from  surface  to  surface  in  different  direo- 
tions  with. any  instrument,  by  which  we  might  at  once  ascertain  whether 


*  The  attronpmers  by  whom  these  measurements  were  executed  were  as  fol 
lows:— 

Bweden,  A  B-^^ranberg. 

-Sweden,  A-^-Maapenuis. 

Russia,  A— Strnve. 

Russia,  B  — Strnve,  Tenner. 

Prussia  •<•  Bessel,  Bajrer. 

Denmark  «-«Sobumaoher. 

Hanover  —  Gauss. 
''    England  «—  Roy,  Kater. 

Franoe,  A— Laoaille,  CatsinL 


Frtnoe,  A  B«— Delambre, 
Rome  -»  Boscovicb. 
America  —  Mason  and  Dixon. 
India,  Ist  — Lambton. 
India,  2d  — Lambton,  Everest. 
Peru  —  Larondamine,  Bouguer. 
Cape  of  Good  Hope,  A<— >Lacaille. 
Cape  of  Good  Hope,  B—  Maelear. 

Nadtr.  574 


OOTLIXES   OF  ASTRONOMY. 
Fig.  32. 

erwere  longer  than  anotlier;  how,  then,  we  may  ask,  are  we 
1  whether  it  is  u  true  sphens  or  not?     It  is  clear  that  we  hive 
e,  but  to  endeai'our  to  discover,  by  some  nicer  means  than 
pection  or  feeling,  whether  the  convexity  of  its  snrface  18  the 
k'cry  part;  and  if  not,  where  it  13  greatest,  and  where  leut 
lien,  a  thin  plate  of  inelal  to  be  cut  into  a  concavity  at  its  edge, 
;ly  to  fit  the  surface  at  A :  let  this  now  bo  removed  from  A, 
d  successively  to  several  other  parla  of  the  surface,  taking  rare 
plane  always  on  a  great  circle  of  (he  globe,  as  here  represented, 
re  find  any  position,  B,  in  which  the  light  can  enter  in  the 
ween,  the  globe  and  plate,  or  any  other,  C,  where  the  latter  tilts 
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(219.)  Let  N  ABDEF  represent  a  meridional  eeotioii  of  the  earth,  C 
its  eentrei  and  N  A,  B  D/  Q  E,  arcs  of  a  meridian,  eaoh  0(»Te8ponding  to 
one  degree  of  difference  of  latitude,  or  to  one^  degree  of  variation  in  the 
meiidian  altitude  of  a  star,  as  referred  to  the  horizon  of  a  spectator  travel- 
ling along  the  meridian.  Let  nN,  a  A,  bBy  dJ),  gQf  e£,  he  the  respec- 
tive directions  of  the  plwnb4ine  at  the  stations  N,  A,  B,  D,  Q,  E,  of 
which  we  will  suppose  N  to  he  at  the  pole  and  E  at  the  eqaator ;  then 
will  the  tangents  to  the  surface  at  these  points  respectively  be  perpen- 
dicular to  these  directions;  and,  consequently,  if  each  pair,  vis.  nN  and 
aAflB  and  dD^gQ  and  eE,'  he  prolonged  till  they  intersect  each  other 
(at  the  points  x,  ^,  z),  the  angles  Nx  A,  B^D,  OzE,  will  each  be  one 
dflgrecy  and,  therefore,  all  equal ;  so  that  the  small  curvilinear  arcs  N  A, 
BD,  OE,  may  be  regarded  as  arcs  of  circles  of  one  degree  each,  described 
^hfni  Xf^yZyBa  centres.  These  are  what  in  geometry  are  called  centres 
of  curvature,  and  the  radii  xN  pr  x  A,  yB  or  yD,  zQ  or  zE,  represent 

Fig.  83. 


radii  of  curvature^  by  which  the  curvatures  at  those  points  are  deter- 
mined and  measured.  Now,  as  the  arcs  of  different  circles,  which  sub- 
tend equal  angles  at  their  respective  centres,  are  in  the  direct  proportion 
of  their  radii,  anc^  as  the  arc  N  A  is  greater  than  B  D,  and  that  again 
than  G  E,  it  follows  that  the  radius  Nx  must  be  greater  than  By,  and 
Bj^  than  Ez.  Thus"  it  appears  that  the  mutual  intersections  of  the 
plumb-lines  will  not^  as  in  the  sphere,  all  coincide  in  one  point  C,  the 
centre,  but  will  be  arranged  along  a  certain  curve,  x  y  »  (which  will  be 
rendered  more  evident  by  considering  a  number  of  intermediate  stations). 


orniKES  or  AsxaoNOMt. 

TC  geometers  bsTe  giveo  the  name  of  ihe  eirolule  at  the  cone 

t  E,  from  whose  ceDlres  of  curvature  it  is  eoustrDCtcd. 

a  the  fiaUeotDg  of  a  round  figure  at  two  oppo^te  poiutn,  and 

implest  Bupposilion  that,  we  can  make  respcetJDg  the  nature  <rf 
LU,  siDce  it  is  proved  not  to  be  a  circle,  is,  Uiat  it  is  au  ellipa^ 
0,  having  N  S,  the  axis  of  the  earth,  for  its  sborter,  and  K  P, 
rial  diameter,  for  its  longer  axis;  Mid  that  the  form  of  (be 
face  is  that  which  would  ariee  from  malciog  aueh  a  curve  revoke 
lorter  axis  N  S.  This  ogrcea  well  with  tha  geDemt  conree  of 
e  of  the  degree  in  going  from  the  equator  to  the  p»le.     In  (be 

radius  of  curvature  at  E,  the  extremity  of  the  longer  axis  vi 
.ad  at  that  of  the  shorter  axis,  the  greatest  it  admits,  and  tbe 
1  erotuU  agrees  with  that  here,  represented.'  Assuming,  then, 
n  ellipse,  the  geometrical  properties  of  tbut  curve  enable  us  to 

proportion  between  the  lengths  of  its  axes  which  shall  corre- 

absolute  Icngtbs,  corresponding  to  any  assigned  length  of  the 
I  given  btitode.     Without  troubling  the  reader  with  the  inves- 
vbich  may  be  found  in  any  work  on  the  conic  eectJons,)  it  will 

DiMsmio^rs  OF  tbi  xakth.  12T 

Theie  Moblurioos  are  btaed  on  the  con^dentioa  of  those  13  uros,  to 
wKich  the  letter  A  is  annexed',  and  of  one  other  are  of  1^  7'  81"'l, 
tteaaoied  in  Piedmont  by  Phuia  and  Carlini,  whoee  disconiaDee  with  the 
reety  owing  to  local  causes  hereafiter  to  be  explained^  arising  from  the  es« 
eeedhoglj  moantainous  nature  ef  the  country,  render  the  propriety  of  so 
empbjing  it  veiy  donbtfuL  Be  that  as  it  may,  the  strikingly  near  ao« 
eoiJaaoe  of  the  two  sets  of  dimensiona  is  snoh  aa  to  inspire  the  greatest 
eonfidenoe  ua  both.  The  measurement  at  the  Cape  of  Good  Hope  by 
Tiaeaille^  abo  used  in  this  determination,  has  always  been  regarded  as 
nnsattsfaototy,  and  has  xipeently  been  demonstrated  by  Mr.  Maclear  to  be 
emweoos  to  a  oonsideiable  extent  The  omission  of  the  former,  and  the 
sobatittttion  lor  the  Litter,  of  the  fiur  preferable  resnlt  of  Mr.  Maolear'e 
aeoond  measuBement  would  induce,  however,  but  a  tnffing  change  in  the^ 
finalretnU. 

(221.)  Thus  we  see  that  the  rofiigh  diameter  of  8000  miles  we  have 
hitherto  naody  is  rather  too  great,  the  excess  being  about  100  miles,  ot. 
g^th  pari.  Aa  eoovenient  numbera  to  remember,  the  reader  may  bear  ia 
mind,  that  io  our  latitude  there  are  just  aa  many  thousands  of  feet  in  a 
di^gree  of  the  aaeiidian  as  there  are  days  in  the  year  (865) :  that,  speak« 
ing  koaely,  a  degree  ia  about  70  British  statute  miles,  and  a  second  aboot 
100  feet;  thai  the  equatorial  circumference  of  the  earth  ia  a  little  less 
tiiaii  25,000  milea  (24,890),  and  the  elUptioify  or  pokr  flattenii^ 
aaaouits  to  one  900th  part  of  the  diameter. 

(222.)  The  two  sets  of  results  above  stated  aie  placed  in  juxtapositioB^ 
asd  the  parliettlara  given  more  in  detail  than  may  ai  first  sight  appeal 
oooaowint^  either  with  the  general  plan  of  this  work,  or  the  state  of  the 
reader^a  piesmned  aoquaintance  with  the  sdb^lr  Bat  it  ia  of  importanoe 
thftt  he  ahoiM  eariy  be  made  to  see  how,r  in  astronoaiy,  reanlts  in  admim» 
ble  coneordaoee  emerge  from  data  aoenmnlatod  from  totally  different  quai^ 
ters,.  and  how  looal  adH  accidental  irregularities  in  the  daita  themaelvea 
beeeme  nenlraUaod  and  obUtorated  by  their  impartial  geometrical  treat* 
BMQi  In  the  eaae»  before  us,  the  modes  of  ealenlatioo  followed  ava 
widely  difierent,  and  in  eadi  the  masa  of  figuiea  to  be  gone  through  to 
arrive  a4  the  reanlt,  enormous. 

(228.)  The  suppoaitioo  of  an  elliptic  form  of  the  earth's  section  throogh 
the  axis  is  recommended  by  its  simplicity,  and  eenfirmed  by  comparing 
Ibe  numerical  reaolla  we  have  just  set  down  with  those  of  aotnal  measure- 
DMSt  Whe»  thia  eoaifMurison  is  exceuted^  disooidanoes,  it  is^  traev  >^ 
ohiarfod,  whieh^  although  still  too  great  to  be  referred  to  error  of 

■  In  ihoM  which  him»  both  A  ind  B,  the  numbert  nted  by  Mr.  Airy  difler  tUgbtly 
ften  BMMra»  whiofa  we  tben  we  hiv«  prefarwd. 
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Qt,  are  jet  so  Bmal!,  compared  to  the  errors  wbicli  would  result 

.  ellipeoid,  and  referring  the  observed  deviationa  to  either  local 
m],  to  comparatively  small  causes. 

prtirlieaffi/  proved  to  esist,  is  precisely  what  ou>/ht  theoreticaffy 
■oin  the  rotation  of  the  earth  on  its  axis.     For,  let  «3  sappcee 
.  sphere,  at  rest,  of  uniform  materials  throughout,  and  extcr- 
ed  with  an  ocean  of  etjiinl  depth  in  every  parL     Under  such 
ie8  it  would  obviously  be  in  a  state  of  fqiiililiriam  ;  and  % 
s  surface  would  have  no  tendency  to  run  one  way  or  the  other. 
low,  B  cjoantitj  of  ita  materials  were  taken  from  the  polar 
d  piled  up  all  around  the  equator,  so  as  to  produce  ihat  dif- 
the  polor  and  o(]uatorial  dianielers  of  26  miles  which  we  know 
[t  is  not  iesa  evident  that  a  mountain  ridge  or  equalorial  conli- 
would  bo  thus  formed,  from  which  the  water  would  run  down 
t«d  part  at  tlie  poles.     However  solid  matter  might  rest  where 
lA,  the  liquid  part,  at  least,  would  not  remain  there,  any  more 
tere  thrown  on  the  side  of  a  hill.     The  cousequcnce  therefore, 
bo  formation  of  two  great  polar  scog,  hemmed  in  all  round  by 
land.      Now,  this  is  by  no  means  the  case  in  nature.     The 

nOUBB  OV  THE'  BARTH. 


129 
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ooid  hangs  perpendicularly.  The  sorfiice  of  the  water,  instead  of  re- 
maining horizontal|  will  hecome  concave,  as  in  the  figure.  The  centri- 
fugal ibroe  generates  a  tendency  in  all  the  water  to  leaye  the  axis,  and 
pms  towards  the  drcumference ;  it  is,  therefore,  urged  against  the  pail, 
and  forced  up  its  sides,  till  the  excess  of  height,  and  consequent  increase 
of  pressure  downwards,  just  counterbalances  its  centrifugal  force,  and  a 
stole  of  eqinltMum  is  attuned.  The  experiment  is  a  very  easy  and 
instructife  one,  and  is  admirably  calculated  to  show  how  the  form  of 
equiHMum  accommodates  itself  to  varying  circumstances.  If,  for  ex- 
ample, we  allow  the  rotation  to  cease  by  degrees,  as  it  becomes  slower  we 
shall  see  the  concavity  of  the  water  regularly  diminish;  the  elevated 
outward  portion  will  descend,  and  the  depressed  central  rise,  while  all  the 
time  a  perfectly  imooih  surface  is  maintained,  till  the  rotation  is  ex- 
hausted, when  the  water  resumes  its  horizontal  state. 

(226.)  Suppose,  then,  a  globe,  of  the  size  of  the  earth,  at  rest,  and 
covered  with  a  uniform  ocean,  were  to  be  set  in  rotation  about  a  certain 
azisy  at  first  veiy  slowly,  but  by  degrees  more  rapidly,  til)  it  turned  round 
onoe  in  twenty-four  hours ;  a  centrifugal  force  would  bo  thus  generated, 
whose  general  tendency  would  be  to  urge  the  water  at  every  point  of  the 
muhee  to  recede  from  the  axis,  A  rotation  might,  indeed,  be  conceived 
so  swift  as  to  Jlirt  the  whole  pecan  from  the  surface,  like  water  from  a 
mop.  But  this  would  require  a  far  greater  velocity  than  what  we  now 
9 
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speak  of.  In  the  case  supposed,  the  weight  of  the  water  would  still  keep 
it  on  the  earth ;  and  the  tendency  to  recede  from  the  axis  ixnild  only  be 
satisfied,  therefore,  by  the  water  leaTing  the  poles,  and  flowing  towards 
the  equator ;  there  heaping  itself  up  in  a  ridge,  just  as  the  water  in  our 
pail  accumulates  against  the  side ;  and  being  Tetained  in  opposition  to  its 
weight,  or  natural  tendency  towards  the  centre,  by  the  pressure  thus 
caused.  This,  however,  could  not  take  place  without  laying  dry  the 
polar  portions  of  the  land  in  the  form  of  immensely  protuberant  conti- 
nents ;  and  the  difference  of  our  supposed  cases,  therefore,  is  this :  —  in 
the  former,  a  great  equatorial  continent  and  polar  seas  would  be  formed ; 
in  the  latter,  protuberant  land  would  appear  at  the  poles,  and  a  sone  of 
ocean  be  disposed  around  the  equator.  This  would  be  the  first  or  im- 
mediate effect.  Let  us  now  see  what  would  afterwards  happen,  in  the 
two  cases,  if  things  were  allowed  to  take  their  natural  course. 

(227.)  The  sea  is  constantly  beating  on  the  land,  grinding  it  down, 
and  scattering  its  wom-off  particles  and  fragments,  in  the  state  of  mud 
and  pebbles,  over  its  bed.  Geological  fisicts  afford  abundant  proof  that  the 
existing  continents  have  all  of  them  undergone  this  process,  even  more 
than  once,  and  been  entirely  torn  in  fragments,  or  reduced  to  powder,  and 
submerged  and  reconstructed.  Land,  in  this  view  of  the  subject,  loses 
its  attribute  of  fixity.  As  a  mass  it  might  hold  together  in  opposition  to 
forces  which  the  water  freely  obeys;  but  in  its  state  of  successive  or 
simultaneous  degradation,  when  disseminated  through  the  water,  in  the 
state  of  sand  or  mud,  it  is  subject  to  all  the  impulses  of  that  fluid.  In 
the  lapse  of  time,  then,  the  protuberant  land  in  both  cases  would  be  des- 
troyed, and  spread  over  the  bottom  of  the  ocean,  filling  up  the  lower  parts, 
and  tending  continually  to  remodel  the  surface  of  the  solid  nucleus,  in  cor- 
respondence with  the  form  of  equilibrium  in  both  cases.  Thus,  after  a 
sufficient  lapse  of  time,  in  the  case  of  an  earth  at  rest,  the  equatorial  con- 
tinent, thus  forcibly  constructed,  would  again  be  levelled  and  transferred 
to  the  polar  excavations,  and  the  spherical  figure  be  so  at  length  restored. 
In  that  of  an  earth  in  rotation,  the  polar  protuberances  would  gradually 
be  cut  down  and  disappear,  being  transferred  to  the  equator  (as  being 
then  the  deepest  sea),  till  the  earth  would  assume  by  degrees  the  form  we 
observe  it  to  have  —  that  of  a  flattened  or  oblate  ellipsoid. 

(228.)  We  are  far  from  meaning  here  to  trace  the  process  %  which 
the  earth  really  assumed  its  actual  form ;  all  we  intend  is,  to  show  that 
this  is  the  form  to  which,  under  the  conditions  of  a  rotation  on  its  axis, 
it  ibust  tend ;  and  which  it  would  attain,  even  if  originally  and  (so  to 
speak)  perversely  constituted  otherwise. 

(229.)  But,  further,  the  dimensions  of  the  earth  and  the  time  of  its 
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rotAtioD  beiog  known,  it  is  -easy  thence  to  calcniate  the  exact  amonnt  of 
the  oentrifbgal  force,'  which,  at  the  equator,  appears  to  be  i^i^th  part  of 
the  force  or  weight  by  which  all  bodies,  whether  solid  or  liquid,  tend  to 
fiill  towards  the  earth.  By  this  fraction  of  its  weight,  then,  the  sea  at 
the  equator  b  lightenedy  and  thereby  rendered  susceptible  of  being  sup- 
ported OQ  a  higher  leyel,  or  more  remote  from  the  the  centre  than  at  the 
poles,  where  no  such  counteracting  force  exists;  and  where,  in  conse- 
quence, the  water  may  be  considered  as  specificalfy  heavier.  Taking  this 
principle  as  a  guide,  and  combining  it  with  the  laws  of  gravity  (as  devel- 
oped by  Newton,  and  as  hereafter  to  be  more  fully  explained),  mathemati- 
ekos  have  been  enabled  to  investigate,  d  prioriy  what  would  be  the  figure 
of  equilibrium  of  such  a  body,  constituted  internally  as  we  have  reason 
to  believe  the  earth  to  be;  covered  wholly  or  partially  with  a  fluid;  and 
rerolring  uniformly  in  twenty-four  hours;  and  the  result  of  this  inquiry 
is  found  to  agree  very  satisfactorily  with  what  experience  showsjU)  be  the 
oase.  From  their  investigations  it  appears  that  the  form  of  equilibrium 
b,  in  fSwt,  no  other  than  an  oblate  ellipsoid,  of  a  degree  of  ellipticify  very 
nearly  identical  with  what  is  observed,  and  which  would  be  no  doubt 
aoenrately  so,  did  we  know,  with  precision,  the  internal  constitution  and 
materials  of  the  earth. 

(280.)  The  confirmation  thus  incidentally  furnished,  of  the  hypotheris 
of  the  earth's  rotation  on  its  axis,  cannot  fiul  to  strike  the  reader.  A 
devktioB  of  its  figure  from  that  of  a  sphere  was  Aot  contemplated  among 
the  originid  reasons  for  adopting  that  hypothesis,  Which  was  assumed 
idely  on  account  of  the  leasy  explanation  it  offsrs  of  the  apparent  diurnal 
motion  of  the  heavens.  Tet  we  see  that,  once  admitted,  it  draws  with  it, 
as  a  necessary  consequence,  this  other  remarkable  phenomenon,  of  which 
no  other  satisfoctory  account  could  be  rendered.  Indeed,  so  direct  is  their 
connection,  that  the  ellipticity  of  the  earth's  figure  was  discovered  and 
demonstrated  by  Newton  to  be  a  consequence  of  its  rotation,  and  its  amount 
actually  calculated  by  him,  long  before  any  measurement  had  suggested 
fluch  a  conclusion.  As  we  advance  with  our  subject,  we  shall  find 
the  same  simple  principle  branching  out  into  a  whole  train  of  singular 
and  important  consequences^  some  obvious  enough,  others  which  at  first 
seem  entirely  unconnected  with  it,  and  which,  until  traced  by  Newton  up 
to  this  their  origin,  had  ranked  among  the  most  inscrutable  arcana  of 
astronomy,  as  well  as  among  its  grandest  phenomena. 

(281.)  Of  its  more  obvious  consequences,  we  may  here  mention  one 
which  foils  naturally  within  our  present  snlrjeet.     If  the  earth  really 

'  Ntwton*t  Prindpia,  iii.    Prop.  19. 
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revolve  on  its  axis,  this  rotation  must  generate  a  centrifogal  force  (aee^ 
art  225;)  the  effect  of  which  most  of  coarse  be  to  oounteraot  a  certain 
portion  of  the  weight  of  every  body  situated  at  the  equator,  as  compared- 
with  its  weight  at  the  poles,  or  in  any  intermediate  latitudes.  Now,  thb: 
is  fully  CQpfirmed  by  experience.  There  is  actually  observed  to  exist  & 
difierenoe  in  the  gravity ^  or  downward  tendency,  of  one  and  the  same 
body,  when  conveyed  successively  to  stations  in  different  latitudes.  Ex- 
periments made  with  the  greatest  care,  and  in  every  accessible  part  of  the- 
globe,  have  fiilly  demonstrated  the  fact  of  a  regular  and  progressive 
increase  in  the  weights  of  bodies  corresponding  to  the  increase  of  lad- 
todcy  and  fixed  its  amount  and  the  law  of  its  progression.  From  these  it 
appears,  that  the  extreme  amount  of  this  variation  of  gravity,  or  the 
difference  between  the  equatgrial  and  polar  weights  of  one  and  the  same 
mass  of  matter,  is.  1  pai^t  in  194  of  its  whole  weight,  the  rate  of  increase 
in  travelljng  firom  the  equator  to  the  pole  being  as  the  tquare  of  the  nne 
qf  thakUiti$d$* 

(232.)  The  reader  vnll  here  naturally  inquire,  what  is  meant  by 
spring  of  the  same  body  as  having  different  weights  at  different  sta- 
tions; and,  how  such  a  flMt,  if  true,  can  be  ascertained.  When  we 
weigh  a  body  by  a  balance  or  a  steelyard,  we  do  but  counteract  its  weight 
by  the  equal  weight  of  another  body  under  the  very  same  droumstances ; 
and  if  both  the  body  weighed  and  its  counterpoise  be  removed  to  another 
station,  their  gravity,  if  changed  at  all,  will  be  changed  equally,  so  that 
they  will  still  continue  to  counterbalanee  each  other.  A  difference  in  the 
intensity  of  gravity  could,  therefore,  never  be  detected  by  these  means ; 
nor  is  it  in  this  sense  that  we  assert  that  a  body  weighing  194  pounds  at 
the  equator  will  weigh  195  at  the  pole.  If  counterbalanced  in  a  scale 
or  steelyard  at  the  former  station,  an  additional  pound  placed  in  one  or 
other  scale  at  the  latter  would  inevitably  sink  the  beam. 

(233.)  The  meaning  of  the  proposition  may  be  thus  explained:  — 
Conceive  a  weight  x  suspended  at  the  equator  by  a  string  without  weight 
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piM'ng  over  ft  pvU^y,  A,  and  oonducted  (Buppoetog  tmh  a  thing  piMri- 
bla)  OTor  otiier  pnlleji,  cuch  u  B,  nwad  tfaa  earth's  cotiTezitjr,  till  (be 
olhar  cfid  hung  down  at  thft  pok,  and  then  suitained  tfa«  wrigbt  y.  If, 
(ban,  tfaa  wd^ts  x  and  y  were  Buoh  as,  at  any  one  Btation,  equatorial  or 
folar,  wonld  exactly  eonntenKue  eaoh  other  on  a  balance,  or  when  nw- 
fndad  aide  by  nde  over  a  .aingle  pulley,  they  wonld  not  eoan(«rtialanoe 
adh  other  in  tfaia  Bnppoaed  aitaation,  but  &t  polar  weight  y  would  pr^ 
pgnderata ;  and  to  leatore  the  equiimiie  the  waght  x  most  be  inoreued 
hgr  rl^th  {wrt  of  iti  quantity. 

(SS4.)  The  meaua  by  which  this  raristion  of  gnvi^  may  be  ihowB 
iB  BziM,  ud  ita  einoont  meaanred,  are  twofold  (like  all  eitimatioBB  of 
■eehaaieal  power,)  atatioal  and  dynamical.  The  fermer  eonneta  ia 
pBttiag  Um  gravity  of  a  weight  in  cqnilibrinm,  not  witii  that  of  anether 
Might,  bat  with  a  uUnral  power  of  a  different  kind  not  liaUe  to  be 
aStoled  by  local  ntoation.  Such  a  power  is  tiie  elutie  foree  of  a  aptfng. 
1^  A  B  C  be  a  strong  snpport  i^  brass  Btandieg  on  the  fbot  A  E  D  east 
iaoM  pieee  with  it,  into  which  is  let  a  smooth  plate  of  agate,  D,  whiiA 
cu  be  adjusted  to  perfect  boriiontali^  by  a  level.    At  C  let  s  qntal 
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i^ng  0  be  attached,  which  carries  at  its  lower  end  a  wdght  P,  polished 
ud  eonvez  below.  The  length  and  strengUi  of  the  spring  mnst  be  so 
■djoited  that  the  weight  P  shall  be  sustained  by  it  just  to  swing  clear  of 
ttntact  with  the  agate  plate  in  the  highest  ladtnde  at  which  it  is  intended 
to  use  the  instrameoL  Then,  if  small  weights  be  added  cautiously,  it 
ma;  be  made  to  descend  till  it  jnil  groMt  the  agate,  a  eonlaot  whtob  can 
be  made  with  the  utmost  imaginable  delietoy.    Ltt  theaa  wei^ta  be 
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and  peeund,  far  tnvdliBgi  firaM  nirt»  ilniBi  cr  dhtyibMWj  -mi  ikt 
frkolct ,  aivmtai  Miti^ad  to  a  iMioa  k  a  Imr  lalitada.    MwSL 

te*fiNUld4 «  nmouitiBff  ik-tkaii  aldMNMEk  loadad  with  tiha  «■ 
tional  v«((^.aa.lMfa«^  tlia  wai^l  F  will  ao  loi^|tf  haia  powar 
toatfateli  tbaapci^g-tq.tha  astaal  zaqniiad  far  pnriaaiBg  a  riaiilar 
ttat.  Moifa  w^ti  will  iai|qiia  to  ba  added;  and  tha  adttitaal 
liljjr  juiMjiiMpj  wi)I»  it  la  avideal^  laatmiia  tito  diinaMa.  of ' 
between  the  two  aflitioiiii  aa  ezwted  aa  the  wlMda  qaaatitf  af^fndigi 
mtter,ije.theaBm  of  Ihe  weight  Faad  Au^duutofthe  ipiiid 
ilieUf  'Ospatjng  (faataifiial  ipinDg  oaa  be  oonatraated  of  auh 
ei^d  diBMBvoMi  tM  a  wei|^t  of  10,000  giain^  iiMdndiBg  iti  awa,  ihal 
atodnaa  an  olfaiflatinn  of  10  inflhui  withont  nensinantlT  etaiininw  d^ 
one  addiUqaal  gifin'irill  paodnoa  a  farther  aiteomi  of  j^M^  ^"^ 
iae|i>  a  amtitjr  whioh.  euuiot  poanUy  be  miitiken  in  raeh  a  ointaei m 
that  if  flPIPtm.  Tfaoa  we  ehoold  be  provided  with  the  aaeaa  of  Ha* 
amiif  tlie  power  of  iptavitf  al  anj  itation  to  within  y^ 
faantii^.:  ..:'..-.•, 

(iS6,)  The  other,  or  d^ynamioel  prooeeii  by  whioh  the  farae  vifpoff  mj 
given  weight  to  the  earth  laay  be  determined,  oonnti  in  eeoettaiaiQg  Aa 
Tolooity  imparted  by  it  to  tha  we^^lwhaa  eoffned  to  fidl  freely  in  a  gban 
time,  aa  one  eeoond.  Thie  yeloei^  oannot»  indeed,  be  direetly  uiiiaaiHad; 
bat  indirectly,  the  prindplea  of  mebhanics  famish  an  easy  and  oertun 
means  of  deducing  it,  and,  oonseqaently,  the  intensity  of  gnmty,  by  ob> 
senring  the  oscillations  of  a  pendulum.  It  is  proved  from  mechanieal 
principles'i  that,  if  one  and  the  -same  pendulum  be  made  to  oecnllate  at 
difierent  stations,  or  under  the  influence  of  different  forces,  and  the 
numbers  of  oedllatioDS  made  in  the  same  time  in  each  case  be  oonnted, 
the  intensities  of  the  forces  will  be  to  each  other  as  the  squares  of  the 
numbers  of  oscillations  made,  and  thus  their  proportion  becomes  known. 
For  instance,  it  is  found  that,  under  the  equator,  a  pendulum  of  a  certain 
form  and  length  makes  86,400  vibrations  in  a  mean  solar  day ;  and  that^ 
when  transported  to  London,  the  same  pendulum  makes  86,535  vibrations 

'  Whether  the  process  shore  descrihed  could  ever  be  so  fsr  perfected  snd  refined  as 
to  become  a  sobMitute  for  the  use  of  the  pendulum  must  depend  on  the  degree  of 
permunenoe  anfl  uniibrmity  of  setion  of  springs,  on  the  constancy  or  vsrisbiKty  of  the 
efieot  of  tempc^ure  on  their  ^Isstic  force,  on  the  possibility  of  transporting  theat 
absolutely  unaltered,  from  plaee  to  place,  &c  The  great  advantages,  however, 
which  such  an  apparatus  and  mode  ^  observation  would  possess,  in  point  of  oonve- 
nienee,  cheapness,  portability,  and  eipedition,  over  the  present  laborious,  tedious,  and 
ssptnslTe  piodesi,  render  the  attempt  well  worth  mskitig. 

■Mewtm'vPnBdpiaylL  Prop.  at.  Cor.  3. 
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in  ihe  time  time.  Hence  we  oonclade,  that  the  inteniity  of  the  force 
urging  the  pendnlnm  downwards  at  the  equator  is  to  that  at  London  as 
(86^400)*  to  (80,685)',  or  as  1  to  100Sn5;  or,  in  other  words,  that  a 
miM  of  matter  weighing  in  London  100,000  poonds,  exerts  the  same 
pwasnre  on  the.ground,  or  the  same  effort  to  cmsh  a  hody  phu^ed  below 
it^  that  100,816  of  ihe  iatne  pounds  transported  to  the  equator  would 
csert  there. 

(286.)  Experiments  of  this  kind  have  been  made,  as  aboTC  stated,  with 
Ae  atmoet  care  and  minutest  precaution  to  ensure  exactness  in  all  acoes- 
nUe  latitudes;  and  their  general  and  final  result  has  been,  to  give  y)^ 
fbr  the  fraction  expressing  the  difference  of  gravity  at  the  equator,  and 
poles.  Now,  it  will  not  fail  to  be  noticed  by  the  reader,  and  will,  pro- 
bably, occur  to  him  as  an  objection  against  the  explanation  here  given  of 
the  Ihci  by  the  earth's  rotation,  that  this  differs  materially  from  the  frac- 
tion nlf  expressing  the  centrifugal  force  at  the  equator.  The  difference 
by  which  the  former  fraction  exceeds  the  latter  is  -^^^^  a  small  quantity 
in  itself,  but  still  far  too  largo,  compared  with  the  others  in  question,  not 
to  be  distittctiy  accounted  for,  and  not  to  prove  &tal  to  this  explanation 
if  it  will  not  render  a  strict  account  of  it. 

(287.)  .The  mode  in  which  this  difference  arises  affords  a  curious  and 
instructive  example  of  the  indirect  influence  which  mechanical  causes 
of^  exennse,  and  of  which  astronomy  furnishes  innumerable  instances. 
Tbe  rotation  of  the  earth  gives  rise  to  the  centrifugal  force ;  the  centrip 
Ikigpl  force  produces  an  ellipticity  in  the  form  of  the  earth  itself;  and  this 
Tcry  eUiptidty  of  form  modifies  its  power  of  attraction  on  bodies  placed 
at  its  BoHSMe,  and  thus  gives  rise  to  the  difference  in  question.  Here, 
then,  we  have  the  same  cause  exercising  at  once  a  direct  and  an  indirect 
influence.  The  amount  of  the  former  is  easily  calculated,  that  of  the 
latter  with  fiur  more  difficulty,  by  an  intricate  and  profound  application  of 
geometry,  whose  steps  we  cannot  pretend  to  trace  in  a  work  like  the  pre- 
sent, and  can  only  state  its  nature  and  result. 

(288.)  The  weight  of  a  body  (considered  as  undiminished  by  a  centri- 
fbgal  force)  is  the  eficcf  of  the  earth's  attraction  on  it.  This  attraction, 
as  Newton  has  demonstrated,  consists,  not  in  a  tendency  of  all  matter  to 
any  one  particular  centre,  but  in  a  disposition  of  every  particle  of  matter 
in  the  universe  to  press  towards,  and  if  not  opposed  to  approach  to,  every 
other.  The  attraction  of  the  earth,  then,  on  a  body  placed  on  its  surface, 
is  not  a  simple  but  a  complex  force,  resulting  from  the  separate  attractions 
of  all  its  parts.  Now,  it  is  evident,  that  if  the  earth  were  a  perfect  sphere, 
the  attraction  exerted  by  it  on  a  body  any  where  placed  on  its  sur&ce, 
whether  at  its  equator  or  pole,  must  be  exaotiy  alike, — fo^  the  simple 
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reason  of  the  exact  Bjmmetry  of  the  sphere  in  every  direction.  It  is  not 
less  evident  that,  the  earth  being  elliptical,  and  this  sjmmetry  or  simili- 
tade  of  all  its  parts  not  existing,  the  same  result  cannot  be  expected.  A 
body  placed  at  the  equator,  and  a  similar  one  at  the  pole  of  a  flattened 
ellipsoid,  stand  in  a  cUfferent  geometrical  relation  to  the  mass  as  a  whole. 
This  difference,  without  entering  further  into  particulars,  may  be  expected 
to  draw  with  it  a  difference  in  its  forces  of  attraction  on  the  two  bodies. 
Calculation  confirms  this  idea.  It  is  a  question  of  purely  mathematical 
investigation,  and  hks  been  treated  with  perfect  clearness  and  precisioii 
by  Newton,  Maelaurin,  Clairaut,  and  many  other  eminent  geometers ;  and 
the  result  of  their  investigations  is  to  show  that,  owing  to  the  elliptic  fbnn 
of  the  earth  alone,  and  independent  of  the  centrifugal  force,  its  attraotioii 
ought  to  increase  the  weight  of  a  body  in  going  from  the  equator  to  the 
pole  by  almost  exactly  ^i^th  part;  which,  together  vrith  ^l^th  due  to 
the  centrifugal  force,  make  up  the  whole  quantity,  Ti?^^?  observed. 

(289.)  Another  great  geographical  phenomenon,  which  owes  its  exis- 
tence to  the  earth's  rotation,  is  that  of  the  trade-winds.  These  mighty 
currents  in  our  atmosphere,  on  which  so  important  a  pai^  of  naTigatios 
depends^  arise  from,  1st,  the  unequal  exposure  of  the  earth's  surfiu»  id 
the  sun's  rays,  by  which  it  is  unequally  heated  in  different  latitudee; 
and,  2dly,  from  that  general  law  in  the  constitution  of  all  fluids,  in  virtue 
of  which  they  occupy  a  laiger  bulk,  and  become  specifically  lighter  when 
hot  than  when  cold.  These  causes,  combined  with  the  earth's  rotation 
from  west  to  east,  afford  an  easy  and  satisfactory  explanation  of  the  mag- 
nificent phenomena  in  question. 

(240.)  It  is  a  matter  of  observed  fact,  of  which  we  shall  give  the 
explanation  farther  on,  that  the  sun  is  constantly  vertical  over  some  one 
or  other  part  of  the  earth  between  two  parallels  of  latitude,  called  the 
tropics,  respectively  23A^  north,  and  as  much  south  of  the  equator;  and 
that  the  whole  of  that  zone  or  belt  of  the  earth's  surface  included  between 
the  tropics,  and  equally  divided  by  the  equator,  is,  in  consequence  of  the 
great  altitude  attained  by  the  sun  in  its  diurnal  course,  maintained  at  a 
much  higher  temperature  than  those  regions  to  the  north  and  south 
which  lie  nearer  the  poles.  Now,  the  heat  thus  acquired  by  the  earth's 
surface  is  communicated  to  the  iucumbent  air,  which  is  thereby  expanded, 
and  rendered  specifically  lighter  than  the  air  iocumbcnt  on  the  rest  of  the 
globe.  It  is  therefore,  in  obedience  to  the  general  laws  of  hydrostatics, 
displaced  and  buoyed  up  from  the  surface,  and  its  place  occupied  by 
colder,  and  therefore  heavier  air,  which  glides  in,  on  both  sides,  along  the 
surfiice,  from  the  regions  beyond  the  tropics;  while  the  displaced  air,  thus 
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niaed  above  its  due  level,  and  nDBoetaiiied  by  anj  lateral  pressare,  flows 
orer,  as  it  were,  and  forma  an  upper  current  in  the  oontraiy  direction,  or 
towards  the  poles ;  which,  being  eooled  in  its  course,  and  also  sucked 
down  to  supply  the  deficiency  in  the  extra-tropical  regions,  keeps  up  thus 
a  cooCinoal  circulation. 

(241.)  Since  the  earth  revolves  about  an  axis  passing  through  the 
pdeSt  the  equatorial  portion  of  its  surface  has  the  greatest  velocity  of 
rotation,  and  all  other  parts  less  in  the  proportion  of  the  radii  of  the 
eiidea  of  latitude  to  which  they  correspond.  But  as*  the  air,  when  rela- 
tively and  apparently  at  rest  on  any  part  of  the  earth's  surface,  is  only  so 
beoaose  in  reality  it  participates  in  the  motion  of  rotation  proper  to  that 
party  it^  follows  that  when  a  mass  of  air  near  the  poles  is  transferred  to 
the  region  near  the  equator  by  any  impulse  urging  it  directly  towards  that 
drde,  in  eveiy  point  of  its  progress  towards  its  new  situation  it  must  be 
fband  deficient  io  rotatory  velocity,  and  therefore  unable  to  keep  up  with 
the  speed  of  the  new  surface  over  which  it  is  brought  Hence,  the  cur- 
rents of  air  which  set  in  towards  the  equator  from  the  north  and  south 
Burt^  as  they  glide  along  the  surface,  at  the  same  time  lag,  or  hang  back, 
■nd  drag  upon  it  in  the  direction  apposite  to  the  earth's  rotation,  t.  e. 
from  east  to  west  Thus  these  currents,  which  but  for  the  rotation  would 
bo  simply  northerly  and  southerly  winds,  acquire,  from  this  cause,  a  re/o- 
Hve  direction  towards  the  west,  and  assume  the  character  of  permanent 
north-easterly  and  south-easterly  winds. 

(242.)  Were  any  considerable  mass  of  air  to  bo  tuddenly  transferred 
from  beyond  the  topics  to  the  equator,  the  difference  of  the  rotatory  velo* 
eitiefl  proper  to  the  two  situations  would  be  so  great  as  to  produce  not 
merely  a  wind,  but  a  tempest  of  the  most  destructive  violence.  But  this 
ia  not  the  case:  the  advance  of  the  air  from  the  north  and  south  is 
gradual,  and  all  the  while  the  earth  is  continually  acting  on,  and  by  the 
fiiption  of  its  sniface  accelerating  its  rotatory  velocity.  Supposing  its 
pw^gresB  towards  the  equator  to  cease  at  any  point,  this  cause  would 
ilmoet  immediately  communicate  to  it  the  deficient  motion  of  rotation, 
after  which  it  would  revolve  quietly  with  the  earth,  and  be  at  relative 
reat  We  have  only  to  call  to  mind  the  comparative  ikinneu  of  the  coat- 
11^  which  the  atmosphere  forms  around  the  .globe  (art  85),  and  the  im- 
menae  moM  of  the  latter,  compared  with  the  former  (which  it  exceed.^  at 
least  100,000,000  times),  to  appreciate  fully  the  absolute  command  of 
any  extensive  territory  of  the  earth  over  the  atmosphere  immediately 
inoambent  on  it,  in  point  of  motion. 

(248.)  It  follows  from  this^  then,  that  as  the  winds  on  both  sides  ap- 
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proach  the  equator,  their  easterly  tendency  moat  diminiah.'  The  lengAt 
of  the  diamal  circles  increase  Tery  slowly  in  the  immediate  Ticini^ 
of  the  equator,  and  for  several  degrees  on  either  side  of  it  hardly  change 
at  all.  Thus  the  friction  of  the  surface  has  more  time  to  act  in  acoelenk 
ting  the  velocity  of  the  air,  bringing  it  towards  a  state  of  rdaiive  imt^ 
aod  diminishing  thereby  the  relative  set  of  the  currents  from  east  to  west, 
which,  on  the  other  hand,  is  feebly,  and,  at  length,  not  at  all  reinforeed 
by  the  cause  which  originally  produced  it  Arrived,  then,  at  the  eqnaAoTi 
the  trades  must  be  expected  to  lose  their  easterly  character  altogether. 
But  not  only  this  but  the  northern  and  southern  currents  here  meeting 
and  opposing,  will  mutually  destroy  each  other,  leaving  only  such  pre- 
ponderancy  as  may  be  due  to  a  difference  of  local  causes  acting  in  the  two 
hemispheres,  —  which  in  some  regions  around  the  equator  may  lie  one 
way,  in  some  another. 

(244.)  The  result,  then,  must  be  the  production  of  two  great  tropical 
belts,  in  the  northern  of  which  a  constant  north-easterly,  and  in  the 
southern  a  south-easterly,  wind  must  prevail,  while  the  winds  in  the 
equatorial  belt,  which  separates  the  two  former,  should  be  comparatively 
calm  and  free  from  any  steady  prevalence  of  easterly  character.  All 
these  consequences  are  agreeable  to  observed  fiict,  and  the  system  of  aSrial 
currents  above  described  constitutes  in  reality  what  is  understood  by  the 
regular  trade  toinds, 

(245.)  The  constant  friction  thus  produced  between  the  earth  and  at- 
mosphere in  the  regions  near  the  equator  must  (it  may  be  objected)  by 
degrees  reduce  and  at  length  destroy  the  rotation  of  the  whole  mass. 
The  laws  of  dynamics,  however,  render  such  a  consequence,  generally, 
impossible  ]  and  it  is  easy  to  see,  in  the  present  cas^  where  and  how  the 
compensation  takes  place.  The  heated  equatorial  air,  while  it  rises  and 
flows  over  towards  the  poles,  carries  with  it  the  rotatory  velocity  due  to 
its  equatorial  situation  ioto  a  higher  latitude,  where  the  earth's  surface 
has  less  motion.  Hence,  as  it  travels  northward  or  southward,  it  will 
gain  contiDually  more  and  more  on  the  surface  of  the  earth  in  its  diurnal 
^  motion,  and  assume  constantly  more  and  more  a  westerly  relative  direo- 
'tion;  and  when  at  length  it  returns  to  the  surface,  in  its  circulation, 
which  it  must  do  more  or  less  in  all  the  interval  between  the  tropics  and 
the  poles,  it  will  act  on  it  by  its  friction  as  a  powerful  south-west  wind  in 
the  northern  hemisphere,  and  a  north-west  in  the  southern,  and  restore  to 
it  the  impulse  taken  up  from  it  at  the  equator.     We  have  here  the  origin 

*  See  Captain  HaH's  *'  Fragments  of  Voyages  and  Travels,"  2d  series,  vol.  i.  p. 
162,  where  this  is  very  distinctly,  and|  so  far  as  I  am  aware,  for  the  first  time,  reasoned 
out. 
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.of  At  nsdi-irait  and  westerly  gales  so  prevaleDt  in  oar  ladtodesi  and  of 
the  almoafe  nnitenal  westerly  winds  in  the  North  Atlantic,  which  are,  in 
Uetf  nothing  else  than  a  part  of  the  general  sj^tem  of  the  re-action  of  the 
trades^  and  of  the  process  by  which  the  equilibrium  of  the  earth's  mo- 
tion it  maintained  under  iheir  action. 'UkT  7 

(246.)  In  order  to  construct  a  map  or  model  of  the  earth,  and  obtain 
t  knowledge  of  the  distribution  of  sea  and  land  over  its  sur&oe,  the  forms 
cf  the  ontlinet  of  its  continents  and  islands,  the  courses  of  its  rivers  and 
Bonnttin  chains,  and  the  relative  situations,  with  respect  to  each  other, 
of  those  pdnts  which  chiefly  interest  us,  as  centres  of  human  habitation, 
or  from  other  causes,  it  is  necessary  to  possess  the  means  of  determining 
eontctly  the  aitnation  of  any  proposed  station  on  its  surface.  For  this 
two  elements  require  to  be  known,  the  latitude  and  longitude,  the  former 
aangning  its  distance  from  the  poles  or  the  equator,  the  latter,  the  meri- 
ditn  on  which  that  distance  is  to  be  reckoned.  To  these,  in  strictness, 
ahonld  be  added,  its  height  above  the  sea  level ;  but  the  consideration  of 
this  had  better  be  deferred,  to  avoid  complicating  the  subject. 

(247.)  The  latitude  of  a  station  on  a  sphere  would  be  merely  the 
ItBgth  of  an  arc  of  the  meridian,  intercepted  between  the  station  and  the 
Bttrett  point  of  the  equator,  reduced  into  degrees.  (See  art.  88.)  But 
at  the  earth  is  elliptic,  this  mode  of  conceiving  latitudes  becomes  inappli- 
cable, and  we  are  compelled  to  resort  for  our  definition  of  latitude  to  a 
generaliiation  of  that  property  (art.  119,)  which  affords  the  readiest 
meant  of  determining  it  by  observation,  and  which  has  the  advantage  of 
being  independent  of  the  figure  of  the  earth,  which,  after  all,  is  not 
exactfy  an  ellipsoid,  or  any  known  geometrical  solid.  The  latitude  of  a 
ttation,  then,  is  the  altitude  of  the  elevated  pole,  and  is,  therefore,  astro- 
nomioaUy  determined  by  those  methods  already  explained  for  ascertaining 

■  At  it  it  onr  object  merely  to  illuitnte  the  mode  in  which  the  etrth't  rotttion  affects 
the  ttmotpheflb  on  the  great  tcale,  we  omit  all  conaideration  of  local  periodical  windt, 
sadi  at  nontdODty  tbc. 

It  teemt  worth  inqimy,  whether  hurricanet  in  tropical  dimatet  may  not  ariae  from 
portkmt  of  the  upper  correntB  prematurely  diverted  downwarda  before  their  relative 
velocity  baa  been  tuflkiently  reduced  by  friction  on,  and  gradual  mixing  with,  the 
lower  atrata ;  and  ao  dashing  upon  the  earth  with  that  tremendoua  velocity  which  gives 
tbem  their  'daatmcthrt  character,  and  of  which  hardly  any  rational  account  hat  yet 
been  given.  Bat  h  by  no  meana  followa  that  thia  must  alwayt  be  the  caae.  In 
general,  a  rapid  tranafer,  either  way,  in  latitude,  of  any  maaa  of  air  which  local  or 
temporary  cauaea  might  carry  above  the  imwudiate  rcocA  of  thefrietum  of  the  earth* § 
tuffmeot  would  give  a  fearful  exaggeration  to  ita  velocity.  Wherever  tuch  a  matt 
thoald  ttrike  the  earth,  a  hurricane  might  ariae ;  and  should  two  tuch  maaeea  encoun- 
ter in  mid  air,  a  tornado  of  any  degree  of  intenaity  on  record  might  eatily  retult  from 
fheir  eomUnation. 
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that  important  element  In  conseqaenoe,  it  will  be  remembered  thmti  16 
make  a  perfectly  correct  map  of  the  whole,  or  any  pwt  of  the  earths 
enrface,  equal  differences  of  latitude  are  not  represented  by  exactly  eqvd 
intervals  of  surface. 

(248.)  For  the  purposes  of  geodesical'  measurements  and  trigonome- 
trical surveys,  an  exceedingly  correct  determination  of  the  laUtodes  of  the 
most  important  stations  is  required.  For  this  purpose^  therefore,  the 
lenith  sector  (an  instrument  capable  of  great  predsion)  is  most  commonly 
used  to  observe  stars  passing  the  meridian  near  the  lenith,  whose  dedia^ 
tions  have  become  known  by  previous  long  series  of  observations  at  fixed 
observatories,  and  which  are  therefore  called  standard  or  fnndamentil 
atars.     llecendy  a  method'  has  been  employed  with  great  Bneoesa,  whieh 


consists  in  the  use  of  an  instrument  similar  in  every  respect  to  the  transit 
instrument,  but  having  the  plane  of  motion  of  the  telescope  not  coinci- 
dent with  the  meridian,  but  with  the  prime  vertical,  so  that  its  axis  of 
rotation  prolonged  passes  through  the  north  and  south  points  of  the 
horizon.  J^et  A  B  C  D  be  the  celestial  hemisphere  projected  on  the 
horizon,  P  the  pole,  Z  the  zenith,  A  B  the  meridian,  C  D  the  prime 
vertical,  Q  R  S  part  of  the  diurnal  circle  of  a  star  passing  near  the 
Ecnith,  whose  polar  distance  P  R  is  but  little  greater  than  the  co-latitude 
of  the  place,  or  the  arc  P  Z,  between  the  zenith  and  pole  (art.  112.) 
Then  the  moments  of  this  star's  arrival  on  the  prime  vertical  at  Q  and  S 

•  Til,  the  earth ;  iwif  (from  itta^  to  bind,)  a  joining  or  connection  (of  parta.) 

*  Devised  originally  by  Romer.    Revived  or  re-invented  by  B easel .—.^<fr.  Natkr, 
No.  40. 
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nU,  if  the  inttnuneDt  be  eoneotlj  adjaated,  be  theee  of  its  oroeaog  the 
■addle  win  in  the  field  of  view  of  the  telescope  (art  160.)  Gonse- 
pentlj  the  interyal  between  these  moments  will  be  the  time  of  the  star 
from  Q  to  Sy  or  the  measure  of  the  dinnial  arc  Q  R  S|  which 
to  the  ao|^  Q  P  S  at  the  pole.  This  angle,  therefore,  he- 
known  5y  Ae  mere  obeervation  of  an  interval  of  time^  in  which  it 
ia.Boi  even  necessary  to  know  the  error  of  the  olook|  and  in  which,  when 
At  star  passes  near  the  lemth,  so  that  the  interval  in  question  is  smdl, 
evsn  tko  roU  of  the  dock,  or  its  gain  or  loss  on  true  sidereal  time,  may 
bt  negkcled.  Now  the  angle  Q  P  S,  or  its  half  Q  P  R,  and  P  Q  tha 
psiar  diataaee  of  the  star,  being  known,  P  Z  the  lenith  distance  of  the 
pok  can  be  oakwi]|ted  by  the  resolution  of  the  right-angled  spherical 
triangle  P  Z  Q^  and  thus  the  oo-latitudo  (and  of  course  the  latitude)  of 
the  place  of  observation  becomes  known.  The  advantages  gained  by  this 
node  of  observation  are,  Ist,  that  no  readings  of  a  divided  arc  are  needed, 
so  that  erron  of  graduation  and  reading  are  avoided :  2dly,  that  the: 
are  Q  R  S  is  very  much  greater  than  its  versed  sine  R  Z,  so  that  the 
difinence  R  Z  between  the  latitude  of  the  place  and  the  declination  oS 
tlie  star  is  given  by  the  observation  of  a  magnitude  very  much  greater 
than  itself  or  is,  as  it  were,  observed  on  a  greatly  enlarged  scale.  In 
ooaseqnenoe,  s  voy  minute  error  is  entailed  on  R  Z  by  the  commission 
of  even  a  considerable  ono  in  Q  R  S :  3dly,  that  in  this  mode  of  obser- 
ntion  aU  the  merely  instrumental  errors  which  afiect  the  ordinary  use  of 
the  transit  instrument  are  either  uninflucnUal  or  eliminated  by  simply 
mersing  the  axis. 

(249.)  To  determine  the  latitude  of  a  station,  then,  is  easy.  It  is 
odMTwise  with  its  longitude,  whose  exact  determination  is  a  matter  of  more 
ttsnltj.  The  reason  is  this :  —  as  there  are  no  meridians  marked  upon 
the  earUi,  any  more  than  parallels  of  latitude,  we  are  obh'ged  in  this  case, 
11  in  the  case  of  the  latitude,  to  resort  to  marks  external  to  the  earth,  t.  e, 
to  the  heavenly  bodies,  for  the  objects  of  our  measurement ;  but  with  this 
difaence  in  the  two  cases  — -  to  observers  situated  at  stations  on  the  same 
wMiai^  (u  e.  differing  in  latitude)  the  heavens  present  different  aspects 
at  aU  moments.  The  portions  of  them  which  become  visible  in  a  com- 
piste  dionial  rotation  are  not  the  same,  and  stars  which  are  common  to 
both  describe  droles  differently  inclined  to  their  horixons,  and  differently 
dirided  by  them,  and  attain  different  altitudes.  On  the  other  hand,  to 
observers  situated  on  the  same  parallel  (t.  e.  differing  only  in  longitude) 
tbe  heavens  present  the  same  aspects.  Their  visible  portions  are  the 
nsBe ;  and  the  same  stars  describe  circles  equally  inclined,  and  similarly 
by  their  horiaons,  and  attain  the  same  altitudes.    In  Uie  former 
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is,  in  the  latWr  there  is  not,  any  thing  in  the  appearance  of  the 

Iwality  in  the  observer. 

Bat  not  two  observers,  at  different  points  of  the  earth's  snrfaM, 

our  ideas,  an  observer  stationed  at  a  given  point  of  the  eqoabv, 
'.  the  moment  when  he  noticed  eome  bright  Htsr  to  be  in  hi« 
!  therefore  on  his  meridian,  he  should  be  suddenly  traoBported, 
nt  of  time,  round  one  quarter  of  the  globe  in  a  trarfT/y  direction, 
\t  that  he  will  no  longer  have  the  same  star  vertically  abone 
11  now  appear  to  him  to  be  just  rising,  and  he  will  have  to  wail 
)efore  it  again  comes  to  his  zenith,  i.  e.  before  the  earth's  rots- 
ffest  to  east  carrim  him  back  Offtiin  to  the  line  joining  the  «ar 
rth's  centre  from  which  he  set  oat. 

The  difference  of  the  cases,  then,  may  be  thus  stoted,  so  at  U 
y  to  the  astronomical  solution  of  the  problem  of  the  long^tode. 
e  of  stations  differing  only  in  latitude,  the  same  star  coma  to 
an  at  the  same  tiinr,   but  at  different  altitvdeii.     In  thai  of 
lering  only  in  longitude,  it  comes  to  the  meridian  at  the  ainw 

of  any  menna  by  which  he  cnn  certainly  ascertain  the  (fme  of  a 
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indieite  0^  0"  iHywheii  a  certain  point  in  the  beavcfhs,  called  the  equinox, 
k  on  Ibe  meridian  of  his  station.  Tliis  is  the  epoch  of  his  sidereal  time ; 
which  is,  therefore,  entirely  a  local  reckoning.  It  gives  no  information  to 
eaj  that  an  event  hippened  at  snch  and  snch  an  hour  of  ^dereal  time, 
unleas  we  pardcnlarize  the  station  to  which  the  sidereal  time  meant  apper- 
tuns.  Just  so  it  is  with  mean  or  common  time.  This  is  also  a  local 
reckoning,  having  for  its  epoch  mean  noon,  or  the  average  of  all  the 
times  throoghodt  the  year,  when  the  sun  is  on  the  meridian  of  thcU  par* 
iicuikar  pdaee  to  iMch  it  heUmgn;  and,  therefore,  in  like  manner,  when 
we  date  any  event  by  mean  time,  it  is  necessary  to  name  the  place,  or 
particulariae  vohat  mean  time  we  intend.  On  the  other  hand,  a  date 
by  equinoctial  time  is  absolute,  and  requires  no  such  ezphinatory  addition. 
.  (258.)  The  aatronomer  sets  and  regulates  his  sidereal  clock  by  observ- 
ing the  meridian  passages  of  the  more  conspicuous  and  well-known  stars. 
Each  of  these  holds  in  the  heavens  a  certain  determinate  and  known  place 
with  respect  to  that  imaginary  point  called  the  equinox,  and  by  noting  the 
tintea  of  their  passage  in  succession  by  his  clock  he  knows  when  the  equi* 
nox  passed.  At, that  moment  his  clock  ought  to  have  marked  0^  0"  0"; 
and  if  it  did  not,  he  knows  and  can  correct  its  error,  and  by  the  agreement 
or  disagraemenl  of  the  errors  assigned  by  each  star  he  can  ascertain 
whether  his  clock  is  correctly  regulated  to  go  twenty-four  hours  in  one 
dinmal  period,  and  if  not,  can  ascertain  and  allow  for  its  rate.  ThusJ 
although  his  clock  may  not,  and  indeed  cannot,  either  be  set  correctly,  or 
go  tmly,  yet  by  applying  its  error  and  rate  (as  they  are  technically 
termed),  he  can  correct  its  indications,  and  ascertain  the  exact  sidereal 
times  oorresponding  to  them,  and  proper  to  his  locality.  This  indispensa- 
ble operation  is  called  getting  bis  heal  time.  For  simplicity  of  explana- 
tion, however,  we  shall  suppose  the  clock  a  perfect  instrument;  or,  which 
comes  to  the  same  thing,  its  error  and  rate  applied  at  every  moment  it  is 
eonsalted,  and  inolnded  in  its  indications. 

(264.)  Suppose,  now,  of  two  observers,  at  distant  stations,  A  and  6, 
each,  independently  of  the  other,  to  set  and  regulate  his  clock  to  the  true 
Bidereal  time  of  his  station.  It  is  evident  that  if  one  of  these  clocks 
coakL  be  taken  up  without  deranging  its  going,  and  set  down  by  the  side 
of  the  other,  they  would  be  found,  on  comparison,  to  differ  by  the  exact 
diffisrence  of  their  local  epochs ;  that  is,  by  the  time  occupied  by  the  equi- 
nox, or  by  any  star,  in  passing  from  the  meridian  of  A  to  that  of  B  ;  in 
other  words,  by  their  difference  of  longitude,  expressed  in  sidereal  hours, 
minntes,  and  seconds. 

(265.)  A  pendulum  cloek  cannot  be  thus  taken  up  and  transported 
irosa  piaoe  to  place  without  derangement,  but  a  chronometer  may.    Sup- 
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the  observer  ot  B  to  use  a  chronometer  instead  of  a  clock,  be 
larison  of  sidereal  times,  anij  tlius  obloia  his  loHgitude  Irom  A. 

llier  clock,  the  some  end  will  be  accomplished,  provided  the 
le  chronometer  can  be  depended  on. 

ft' ere  chronomelera  perfeet,  nothing  more  complete  anil  coore- 
this  raode  of  ascertaining  differences  of  longitude  coaM  be 
i.n  observer,  proTidcd  with  aucb  an  inatninient,  and  with  a  per 
t,  or  some  cquivnlent  method  of  determining  the  local  lime  tt 
itatioD,  might,  hy  journejing  from  place  to  place,  and  obBerriog 
in  passages  of  stars  at  each,  (taking  care  not  t«  alter  bia  cbro- 
r  let  it  run  down,)  ascertain  their  differences  of  longitnde  with 
:d  precision.     In  tliia  case,  the  sarue  time-keeper  being  used  it 
)n,  if,  at  one  of  tbcm.  A,  it  mark  true  eidcreal  time,  at  utj 
.  will  be  just  so  much  sidereal  time  in  error  as  the  difference  of 
of  A  and  B  is  eqaivalent  to :  in  Other  words^  the  longitude  of 
will  pppear  as  the  error  of  the  lime-keeper  on  the  local  time  of 
travel  westward,  then  liia  chronometer  will  appear  continiull; 
though  it  really  goes  correctly.     Suppose,  for  instanoe,  he  set 
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Its  eeotn;  aad  if  in  the  opposite  direction,  one  iorn  lets  than  if  be  had 
renaiaed  upon  one  point  of  ita  anrfiuse :  in  the  former  ease,  then,  he  will 
haTe  witnessed  one  altemation  of  day  and  night  more,  in  the  latter  one 
less,  than  if  he  had  trusted  to  the  rotation  of  the  earth  alone  to  carry  him 
Tonnd.  Ab  the  earth  reTolves  from  west  to  east,  it  follows  that  a  westward 
direction  of  his  joomey,  hy  which  he  counteracts  its  rotation^  will  oanse 
him  to  lose  a  day,  and  an  eastward  direction,  by  which  he  conspires  with 
it,  to  gain  one.  In  the  former  case,  all  his  days  will  be  longer ;  in  the 
ktter,  shorter  than  those  of  a  stationary  observer.  This  contingency  has 
actoally  happened  to  circumnavigators.  Hence,  also,  it  must  necessarily 
happen  that  distant  settlements,  on  the  same  mendiany  will  differ  a  day 
in  their  neoal  reckoning  of  time,  according  as  they  have  been  colonized  by 
•etUera  arriving  in  an  eastward  or  in  a  westward  direction, — a  circumstance 
whioh  nay  prodnoe  strange  confusion  when  they  come  to  communicate 
with  each  other.  The  only  mode  of  correcting  the  ambiguity,  and  settling 
die  disrates  which  such  a  difference  may  give  rise  to,  consists  in  having 
xeconrse  to  the  equinoctial  date,  which  can  never  be  ambiguous. 

(258.)  Unfortunately  for  geography  and  navigation,  the  chronometer, 
AoQgh  greatly  and  indeed  wonderfully  improved  by  the  skill  of  modem 
jartistB,  18  yet  hi  too  imperfect  an  instrument  to  be  relied  on  implicitly. 
However  such  an  instrument  may  preserve  its  uniformity  of  rate  for  a 
few  boors,  or  even  days,  yet  in  long  absences  from  home  the  chances  of 
error  and  accident  become  so  multiplied,  as  to  destroy  all  security  of  reli- 
ance on  even  the  best  To  a  certain  extent  this  may,  indeed,  be  remedied 
by  carrying  out  several,  and  using  them  as  checks  on  each  other ;  but, 
beudea  the  expense  and  trouble,  this  is  only  a  palliation  of  the  evil  — 
the  great  and  fundamental, —  as  it  is  the  only  one  to  which  the  determinO' 
iion  of  Jomgxtvdes  hf  time-keepers  is  liable.  It  becomes  necessary,  there- 
fore, to  resort  to  other  means  of  communicating  from  one  station  to  another 
a  knowledge  of  its  local  time,  or  of  propagating  from  some  principal  sta- 
tion, as  a  centre,  its  local  time  as  a  universal  standard  with  which  the 
loeal  time  at  any  other,  however  situated,  may  be  at  once  compared,  and 
thus  the  longitudes  of  all  places  be  referred  to  the  meridian  of  such  ccn- 
tnl  point. 

(259.)  The  simplest  and  most  accurate  method  by  which  this  object 
can  be  accomplished,  when  circumstances  admit  of  its  adoption,  is  that  by 
telegraphio  signal.  Let  A  and  6  be  two  observatories,  or  other  stations, 
provided  with  accurate  means  of  determining  their  respective  local  times, 
and  let  us  first  suppose  them  visible  from  each  other.  Their  clocks  being 
regnlated,  and  their  errors  and  rates  ascertained  and  applied,  let  a  signal 
be  made  at  A,  of  some  sudden  and  definite  kind,  such  as  the  flash  of  gon- 
10 
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i  explosion  of  a  rocket,  the  sudden  ex^oction  of  a  bright  light, 
>r  which  admits  of  no  mistake,  sod  can  be  seen  at  great  dit- 
be  moment  of  the  signal  being  made  must  be  noted  by  taek 
bis  respective  clock  or  natch,  as  if  it  were  the  transit  of  a  ittr, 
tronomical  phcnoincnoD,  and  the  error  and  rate  of  the  cloclc  at 
1  being  applied,  tho  local  time  of  the  signal  at  each  is  detei^ 

lal   to  each   other,  since  (owing  to  the  almost  instantaneoiu 
n  of  light)  it  must  have  been  seen  at  the  same  abio7iite  iostanl 
e  difference  of  their  local  times,  and  therefore  of  their  longitudw, 
lown.     For  example,  at  A  the  signal  is  observed  to  happ«o  at 
.d.  time  at  A,  as  obtuncd  by  applying  the  error  and  rate  to  the 
1  by  the  clock  at  A,  when  the  signal  was  seen  there.    At  B  the 

ated  by  the  clock  at  B,  by  applying  >U  error  and  rate.     Conse- 
le  difference  of  their  local  epochs  is  4-  0',  which  is  also  thrir 
Df  longitudes  in  time,  or  1"  0'  0"  in  hour  angle. 

id  observing  several  signals  at  stated  intervals,  each  of  which 
omparison  of  times,  and  the  mean  of  all  which  is,  of  cobim, 
0  depended  on  Ihan  the  reault  of  any  single  comparison.     By 
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minttton  of  diierenoes  of  longitude  can  be  desired.  The  diffisrences  of 
longitade  between  the  obeervatories  of  New  York,  Washington,  and  Phila- 
delphia,  have  been  very  reoentlj  determined  in  this  manner  by  the  astro- 
nomers al  those  observatories. 

(268.)  Where  no  such  electric  communication  existe^  however,  the 
interval  between  observing  stations  may  be  increased  by  causing  the 
signals  to  be  made  not  at  one  of  them,  but  at  an  intermediate  point;  for, 
provided  they  are  seen  by  both  parties,  it  is  a  matter  of  indifference  where 
they  are  exhibited.  Still  the  interval  which  could  be  thus  embraced 
woald  be  veiy  limited,  and  the  method  in  consequence  of  little  use,  but 
for  the  following  ingenious  contrivance,  by  which  it  can  be  extended  to 
any  distance,  and  carried  over  any  tract  of  country,  however  difficult  - 

(264.)  This  contrivance  consists  in  establishing^  between  the  extreme 
alationsy  whose  difference  of  longitude  is  to  be  ascertained,  and  at  which 
the  local  times  are  observed,  a  chain  of  intermediate  stations,  alternately 
destined  fbr  signals  and  for  observers. '  Thus,  let  A  and  Z  be  the  extreme 
stations.  At  B  let  a  ugnal  station  be  established,  at  which  rockets,  &c. 
are  fired  at  stated  intervals.  At  C  let  an  observer  be  placed,  provided 
with  a  chronometer ;  at  D,  another  signal  station ;  at  E,  another  observer 
and  chronometer;  till  the  whole  line  is  occupied  by  stations  so  arranged, 
that  the  signal  at  B  can  be  seen  from  A  and  G ;  those  at  D,  from  C  and 
E;  and  so  on.     Matters  being  thus  arranged,  and  the  errors  and  rates  of 
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the  clocks  at  A  and  Z  ascertained  by  astronomical  observation,  let  a  signal 
be  made  at  B,  and  observed  at  A  and  C,  and  the  times  noted.  Thus  the 
difference  between  A's  clock  and  C's  chronometer  becomes  known.  After 
a  short  interval  (five  minutes  for  instance)  let  a  signal  be  made  at  D,  and 
observed  by  C  and  E.  Then  will  the  difierence  between  their  respective 
chronometers  be  determined ;  and  the  difference  between  the  former  and 
the  dock  at  A  being  already  ascertained^  the  difference  between  the  dock 
A  and  chronometer  E  is  therefore  known.  This,  however,  supposes  that 
the  intermediate  chronometer  C  has  kept  true  sidereal  time,  or  at  least  a 
known  rate,  in  the  interval  between  the  signals.  Now  this  interval  is 
parposely  made  so  very  short,  that  no  instrument  of  any  pretensions  to 


OUTLINES    OF    ASTRONOMY. 

10  possibly  produce  an  appreciable  amount  of  error  in  its  lapN 
Ds  (rum  )(3  usual  rate.     Thus  the  time  propagated  from  A  la 
onsidered  as  handod  over,  without  gain  or  los8  (sa?e  from  error 

i,  the  tinto  eo  transmitted  to  E  is  fornardcd  on  to  Z  ;  uid  tbiu 

1  often  u  IB  neceaaary  to  destroy  error  by  a  mean  of  resall*; 
the  Hue  of  stations  is  numerous,  by  keeping  np  &  suoces- 
lals,  so  as  to  oUow  each  observef  to  not*  alternately  those  od 
which  is  easily  pre-arranged,  roany  comparisons  may  be  lepl 
ODg  the  line  at  once,  by  which  lime  is  saved,  and  other  advan- 
oed.'     la  important  cases  the  process  is  nsnally  repeated  on 

!n  place  of  artificial  signals,  natural  ones,  when  they  cent 
defioite  for  observaUon,  may  be  equally  employed.     In  a  cle»r 
umber  of  those  singular  meteors,  called  shooting  stare,  whiefa 
erred,  is  often  very  great,  especially  on  the  9th  and  10th  rf 
d  some  other  days,  as  November  12  and  13 ;  and  aa  they  an 
.heir  appearance  and  disappearance,  and  from  the  great  height 
loy  have  been  ascertained  to  take  place  are  visible  orer  eslei»- 
s  of  the  earth's  surface,  there  is  no  doubt  that  they  may  be 
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(266.)  Another  speoies  of  natonl  signal,  yiaiblo  at  once  oirer  a  whole 
terreetrial  hemisphere)  is  afforded  by  the  eclipses  of  Jupiter's  satellites,  of 
which  we  shall  speak  more  at  large  when  we  oome  ta  treat  of  those  bodies. 
Every  such  eclipse  is  an  event  which  possesses  one  great  advantage  in  its 
applicability  to  the  purpose  in  question,  viz.  that  the  time  of  its  happen* - 
ing,  at  any  fixed  station,  such  as  Greenwich,  can  he  predicted  from  a  long 
course 'of  previous  recorded  observation  and  calculation  thereon  founded, 
and  that  this  prediction  is  sufficiently  precise  and  certain,  to  stand  in  the 
pboe  of  a' corresponding  observation.  So  that  an  observer  at  any  other 
station  wherever,  who  shall  have  observed  one  or  more  of  these  eclipses, 
and  ascertained  his  local  time,  instead  of  waiting  for  a  commnnicatioA 
with  Greeninch,  to  inform  him  at  what  moment  the  eclipse  took  place 
there,  may  ijue  the  predicted  Greenwich  time  instead,  and  thence,  at 
Oooe,  and  on  the  spot,  determine  his  longitude.  This  mode  of  ascertain- 
ing lofDgitQdea  is,  however,  as  will  hereafter  appear,  not  susceptible  of 
great  exaetoess,  and  should  only  be  resorted  to  when  othera  cannot  be 
bftd.  The  nature  of  the  observation  also  is  such  that  it  cannot  be  made 
at  eea';  so  that,  however  useful  to  the  geographer,  it  is  of  no  advantage 
V>  navigation. 

(267.)  But  such  phenomena  as  these  are  of  only  occasional  oecurrenoe; 
and  in  their  intervals,  and  when  cut  off  from  all  communication  with  any 
fixed  station,  it  is  indispensable  to  possess  some  means  of  determining 
loD^tndes,  on  which  not  only  the  geographer  may  rely  fbr  a  knowledge 
of  the  exact  position  of  important  stations  on  land  in  remote  regions,  bnl 
on  which  the  navigator  can  securely  stake,  at  every  instant  of  hia  adven- 
torons  coarse,  the  lives  of  himself  and  comrades,  the  interesta  of  hii 
eoontry,  and  the  fortunes  of  his  employers.  Such  a  method  is  afforded 
by  Lunar  Obsebvations.  Though  we  have  not  yet  introduced  the 
reader  to  the  phenomena  of  the  moon's  motion,  thia  will  not  prevent  na 
from  giving  here  the  exposition  of  the  principle  of  the  lunar  method;  on 
the  contrary,  it  will  be  highly  advantageous  to  do  ao,  since  by  this  ooune 
we  shall  have  to  deal  with  the  naked  principle,  apart  from  all  the  peculiar 
aooicea  of  difficulty  with  which  the  lunar  theory  is  encnmbered,  bat 

*  To  accompliih  this  is  itill  a  denderetum.  Obterving  ehairt,  ■napended  with  tta- 
dioos  pfecaaikm  for  eoraring  freedom  of  motion,  have  been  reaorted  to,  under  the  vain 
hope  of  mitigating  the  efiset  of  the  ahip'a  oscillation.  The  oppoaita  eonrae  aeems  mora 
promiaiiig,  vis.  to  merely  deaden  the  motion  by  a  aomewhat  atiff  aaapenaion  (aa  by  a- 
coarae  and  rough  cable),  and  by  friction  strings  attaohed  to  weighta  running  through 
loops  (not  pulleya)  fixed  in  the  wood- work  of  the  Teaael.  At  leaat,  auch  meana  havp 
bean  found  by  the  author  of  linguUr  efficacy  in  increaeing  personal  comfort  in  the  sus- 
psaiicwi  of  a  oot. 
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n  fact,  completely  eitraneons  to  the  priniriple  of  its  appIJo- 

'  there  were  in  the  heavens  a  clock  funiiahed  with  a  dial-plale 
which  alwaj-s  marked  Greenwich  time,  the  longitude  of  »oj 
Id  be  at  once  determined,  so  soon  u  the  local  time  waa  koown, 
]g  it  with  this  clock.     Now,  the  offices  of  the  disl-pUte  mi 
clock  ore  these  :  —  the  former  carries  a  set  of  marks  npoii  it, 
ion  is  known )  the  lutter,  hy  passing  over  and  among  the* 
rm  us,  by  the  place  it  holds  with  respect  to  them,  what  it  it 
nbat  time  has  elapsed  since  a  certain  moment  when  it  stood  it 
ar  spot. 

Q  a  clock  the  marks  on  the  dial-plate  tm  uniformly  distribated 
.he  circumferenoo  of  a  circle,  whose  centrq  is  that  on  which  the 
ve  with  a  uniform  motion.    But  it  is  clear  that  we  should,  with 
nty,  though  with  much  more  trouble,  tell  what  o'clock  it  were, 
;s  on  the  dial-plate  were  unequully  distributed,— if  the  hands 
trie,  and  their  motion  not  uniform, —  provided  we  knew,  1st, 
iterraU  round  the  circle  at  which  the  hour  and  minute  marics 
! ;  which  would  bo  the  case  if  we  had  them  all  registered  in  a 
the  results  of  previous  careful  mcaaurement:  —  2dly,  if  we 
lact  amount  and  direction  of  esccntriotty  of  the  centre  of  mo- 
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nkiife  pontioD,  the  notioo  of  a  few  nights,  or  even  h'oiin»  will  satisfy  the 
oommenebg  student^  and  this  is  all  that  at  present  we  require. 

(271.)  There  is  only  one  circumstance  wanting  to  make  our  analogy 
complete.  Suppose  the  hands  of  our  clock,  instead  of  moving  quiie  doie 
to  the  dial-plate,  were  conaideAibly  elevated  above,  or  distant  in  front  of 
of  it  Unless,  then,  in  viewing  it,  we  kept  our  eye  just  in  the  line  of 
their  centre,  we  should  not  see  them  exactly  thrown  or  projected  upon 
tlieir  proper  places  on  the  dial.  And  if  we  were  either  unaware  of  this 
eaoae  of  optical  change  of  place,  this  jxiro^Zax — or  negligent  in  not 
taking  it  into  account — we  might  make  great  mistakes  in  reading  the 
time,  hj  referring  the  hand  to  the  wrong  mark,  or  incorrectly  appreciating 
ill  distance  from  the  right.  On  the  other  hand,  if  we  took  care  to  note, 
in  every  case  when  wp  had  occasion  to  observe  the  time,  the  exact  posi- 
tion of  the  eye,  there  would  be  no  difficulty  in  ascertaining  and  allowing 
t(x  the  precise  influence  of  this  cause  of  apparent  displacement.  Now, 
this  is  just  what  obtains  with  the  apparent  motion  of  the  moon  among 
the  Stan.  The  former  (as  will  appear)  is  comparatively  near  to  the  earth 
—  the  latter  immensely  distant;  and  in  consequence  of  our  not  occupy- 
ing the  centre  of  the  earth,  but  being  carried  about  on  its  surface,  and 
conaiantly  changing  place,  there  arises  a  parallax^  which  displaces  the 
noon  apparently  among  the  stars,  and  must  be  allowed  for  before  we  can 
tell  the  true  place  she  would  occupy  if  seen  from  the  centre. 

(272.)  Such  a  clock  as  we  have  described  mighty  no  doubt,  be  con- 
■dered  a  very  bad  one ;  but  if  it  were  our  only  one,  and  if  incalculable 
interests  were  at  stake  on  a  perfect  knowledge  of  time,  we  should  justly 
regard  it  as  most  precious,  and  think  no  pains  ill  bestowed  in  studying 
the  laws  of  its  movements,  or  in  facilitating  the  means  of  reading  it 
correctly.  Such,  in  the  parallel  we  are  drawing,  is  the  lunar  theory, 
whose  object  is  to  reduce  to  regularity,  the  indications  of  this  strangely 
irregular-going  clock,  to  enable  us  to  predict,  long  beforehand,  and  with 
absolute  certainty,  whereabouts  among  the  stars,  at  every  hour,  minute, 
and  second,  in  every  day  of  every  year,  in  Greenwich  local  time,  the 
snoon  would  be  seen  from  the  earth's  centre,  and  will  be  seen  from  every 
accessible  point  of  its  surfuce ;  and  such  is  the  lunar  method  of  longi- 
tudes. The  moon's  apparent  angular  distance  from  all  those  principal 
and  conspicuous  stars  which  lie  in  its  course,  as  seen  from  the  earth's 
centre,  are  computed  and  tabulated  with  the  utmost  care  and  precision  in 
almanacks  published  under  national  control.  No  sooner  does  an  observer, 
in  any  port  of  the  globe,  at  sea  or  on  land,  measure  its  actual  distance 
from  any  one  of  those  standard  stars  (whose  places  in  the  heavens  have 
been  ascertained  for  the  purpose  with  the  most  anxious  solicitude,)  than 
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fact,  pcrfonned  that  oomparison  of  his  local  time  with  tb» 

difference  of  loogitude  from  one  or  all  of  them, 
rhe  latitudes  and  longiladea  of  any  number  of  points  on  tbe 
Bcc  may  be  ascertained   by  the  mctLoda  obove  de£cribeid ;  and 
■ing  down  ■  sufficient  number  of  principal  points,  and  filling  in 
ediate  spaeos  by  local  Burvcys,  might  luapa  of  eountries  be 
.     In  practice,  bovrever,  it  is  found  simpler  and  easier  (o 

parlieular  nation  into  a  series  of  great  triangles,  the  angles 
■re  stations  conspicuously  visible  from  each  other.     Of  then 
lie  anifks  only  are  measured  by  meana  of  tbe  ihrodolif,  with 
ion  of  om  fiih  only  of  ouf  triangle,  which  is  called  a  AtiK, 
is  measured  with  every  refinement  which  ingenuity  ean  detiae 
command.     Thi<i  bane  is  of  moderate  extent,  rarely  enrpasnag 
a  miles,  and  purposely  selected  in  a  perfectly  horizontal  plane, 
Mnventently  adapted  to  the  purposes  of  meaauremeot.     lu 
roeo  its  two  extreme  points  (which  are  dots  on  plates  of  goM 
let  into  massive  blocks  of  stone,  and  which  are,  or  at  leut 
p,  in  all  oases  preserved  with  almost  religious  care,  as  mono- 
irda  of  tlie  highest  importance,)  is  then  measured,  with  every 

to  ensure  precision,'  and  its  position  with   respect   to  the 
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Ike  edwiify,  bj  wboee  connection  itg  whole  sniftce  may  be  eovered,  as  it 
were^  witk  n  netwo^  of  trianglea.  Now,  it  is  evident  that  the  angles  of* 
the  triangle  A,  B^  G  being  observed,  and  one  of  its  sides,  Jty  B,  mea- 
iiirod,  the  other  two  sides,  A  C,  B  G,  may  be  calculated  by  the  rules  of 
trigonometry;  and  thus  each  of  the  sides  A  G  and  B  G  becomes  in  its 
toro  n  ham  cefieble  of  being  employed  as  known  sides  of  other  triangles. 
For  inetaaee,  the  angles  of  the  triangles  A  G  Q  and  B  G  F  being  known 
by  observation,  and  their  sides  A  G  and  B  G,  we  can  thence  calculate  the 
lengths  A  G,  G  O,  and  B  F,  G  F.  Again,  G  G  and  G  F  being  known 
and  the  included  angle  G  G  F,  G  F  may  be  calculated,  and  so  on.  Thus 
may  all  the  stations  be  accurately  determined  and  laid  down,  and  as  this 
process  may  be  carried  on  to  any  extent,  a  map  of  the  whole  country 
may  be  thus  constructed,  and  filled  in  to  any  degree  of  detail  we  please. 

(275.)  Now,  on  this  process  there  are  two  important  remarks  to  be 
made.  The  first  is,  that  it  is  necessary  to  be  careful  in  the  selection  of 
stations,  so  as  to  form  triangles  tree  frojpi  any  very  great  inequality  in 
their  angles.  For  instance,  the  triangle  K  B  F  would  be  a  very  improper 
one  to  determine  the  situation  of  F  from  observations  at  B  and  K,  because 
the  angle  F  being  very  acute,  a  small  error  in  the  angle  K  would  produce 
n  great  one  in  the  place  of  F  upon  tJie  line  B  F.  Such  iU-condUioned 
triangles,  therefore,  must  be  avoided.  But  if  this  be  attended  to,  the 
aeeimey  of  the  determination  of  the  calculated  sides  will  not  be  much 
short  of  that  which  would  be  obtained  by  actual  measurement  (were  H 
pnetieable) ;  and,  therefore,  as  we  recede  from  the  base  on  all  sides  as  a 
centre,  it  will  q>oedily  become  pracUcable  to  use  a«  hcaes^  the  sides  of  mvch 
larger  triangles,  such  as  G  F,  G  H,  H  K,  &o. ;  by  which  means  the  next 
step  of  the  operadon  will  come  to  be  carried  on  on  a  much  larger  scalci 
and  ernhnee  ikr  greater  intervals,  than  it  wonld  have  been  safe  to  do  (for 
the  above  reason)  in  the  immediate  neighbourhood  of  the  base.  Thus  it 
beeomee  easy  to  divide  the  whole  face  of  a  country  into  great  triangles  of 
from  80  to  100  miles  in  their  sides  (according  to  the  nature  of  the  ground), 
which,  being  once  well  determined,  may  be  afterwards,  by  a  second  series 
of  sobordinate  operations,  broken  up  into  smaller  ones,  and  these  fll|ain 
into  others  of  a  still  minuter  order,  till  the  final  filling  in  is  brought  within 
the  limits  of  personal  survey  and  draftsmanship,  and  till  a  map  is  con* 
slraoted,  with  any  required  degree  of  detail.  ^ 

(276.)  The  next  remark  we  have  to  make  is,  that  all  the  triangles  in 
i|nestion  are  not,  rigorously  speaking,  p7an«,  but  spTierical — existing  on 
the  sur&ce  of  a  sphere,  or  rather,  to  speak  correctly,  of  an  ellipsoid.  In 
rmrj  small  triangles,  of  six  or  seven  miles  in  the  side,  this  may  be 
ae|^eeted|  as  the  difbrenoe  is  impcrcep^ble  j  but  in  the  larger  ones  it 
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lioii,  is  to  ngud  the  network  of  tariangles  with  which  the  coantry  is 
ooveiedy  as  the  bases  of  an  assemblage  of  pyramids  converging  to  the 
centre  of  the  earth.  The  theodolite  gives  us  the  true  measures  of  the 
angle$  tnchtded  h^  the  planes  of  these  pyramids;  and  the  surface  of  an 
imaginary  sphere  on  the  level  of  the  sea  intersects  them  in  an  assemblage 
of  spherical  triangles,  above  whose  angles,  in  the  radii  prolonged,  the  real 
stations  of  observation  are  raised,  by  the  superficial  inequalities  of  moun- 
tain and  valley.  The  opcrose  calculations  of  spherical  trigonometry  which 
this  consideration  would  seem  to  render  necessary  for  the  reductions  of  a 
survey,  are  dispensed  with  in  practice  by  a  very  simple  and  easy  rule, 
called  the  rtde/or  the  spherical  excess,  which  is  to  be  found  in  most  works 
on  trigonometry.  If  we  would  take  into  account  the  ellipticity  of  the 
earth,  it  may  also  be  done  by  appropriate  processes  of  calculation,  which, 
kowever,  are  loo  abstruse  to  dwell  upon  in  a  work  like  the  present. 

(278.)  Whatever  process  of  calculation  we  adopt,  the  result  will  be  a 
xednction  to  the  level  of  the  sea,  of  all  the  triangles,  and  the  consequent 
determination  of  the  geographical  latitude  and  longitude  of  everj  station 
observed.  Thus  we  are  at  length  enabled  to  construct  maps  of  countries; 
to  lay  down  the  outlines  of  contiuents  and  islands;  the  courses  of  rivers; 
Ike  ]daoes  of  cities,  towns  and  villages;  the  direction  of  mountain  ridges, 
and  the  places  of  their  principal  summits ;  and  all  those  details  which,  as 
Ihej  belong  to  physical  and  statistical,  rather  than  to  astronomical  geog- 
raphy, we  need  not  here  dilate  on.  A  few  words,  however,  will  be  neces- 
sary respecting  maps,  which  are  used  as  well  in  astronomy  as  in  geog- 
raphy. 

(279.)  A  map  is  nothing  more  than  a  representation,  upon  a  plane,  of 
some  portion  of  the  sur&ce  of  a  sphere,  on  which  are  traced  the  particu- 
lars intended  to  be  expressed,  whether  they  be  continuous  outlines  or 
points.  Now,  as  a  spherical  sur&ce^  can  by  no  contrivanoe  be  extended 
or  projected  into  a  plane,  without  undue  enlargement  or  contraction  of 
■ome  parts  in  proportion  to  others ;  and  as  the  system  adopted  in  so  ex- 
tending or  projecting  it  will  decide  tohcU  parts  shall  be  enlarged  or  rela- 
tively contracted,  and  in  what  proportions ;  it  follows,  that  when  large 
portions  of  the  sphere  are  to  be  mapped  down,  a  great  difference  in  their 
vepresentations  may  subfdst,  according  to  the  system  of  projection  adopted. 

(280.)  The  projections  chiefly  used  in  maps,  are  the  orthographic^ 
ttereographic^  and  Mercaion^s.  In  the  orthographic  projection,  every 
pmnt  of  the  hemisphere  is  referred  to  its  diametral  plane  or  base,  by  a 

*  We  here  neglect  the  elltptieity  of  the  earth,  which,  for  tach  a  purpoeo  w  map- 
flMdubg,  it  too  trifling  to  have  aajr  material  infloenea. 
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Tfaiu  tbfl  cirole  X  is  proJMUd  into  x.  Onlj 
iIm  paning  throogh  the  Tertex  B  are  projected  into  atnight  lin« 
g  the  oentre  C :  thna,  B  P  A  is  projected  into  G  A. 

2dlj.  Snrj  Terj  small  tmngle,  0-  II K,  on  the  sphere,  is  represented 
bj  a  timiiar  trisngle,  g  hk,m  the  projeotioii.  This  is  &  very  yslnsble 
pTopertj,  Bs  it  inanres  a  general  similarity  of  appesrsDoe  in  the  map  to 
tha  rasli^  in  all  its  parts,  and  enables  us  to  project  at  lent  a  bemiBphere 
ia  a  single  map,  without  aaj  violent  distortion  of  the  configursUons  on 
tKe  surbee  from  tbeir  real  fomiB.  '  As  in  the  orthographic  prcjection,  the 
bocders  of  the  hemispherB  are  nndnly  crowded  together;  ia  the  stereo- 
p^tdo,  thai  pngected  dimensions  are,  on  the  oontni;,  somewhat  enlarged 
ia  rceediog  from  the  centre. 

(388.)  Bedh  thcM  projections  maj  be  considered  natural  ones,  insS' 
nw^  ai  tixj  an  r«allj  perspeotire  representatjons  of  the  surface  on  a 
I^aiM.  Henator's  is  entirely  an  artifiual  one,  representing  the  sphere  as 
it  eanaot  be  nen  from  any  one  point,  but  as  it  might  be  seen  by  an  eys 
Mtlied  aaoeeinrety  over  ererj  part  of  it.  In  it,  die  degrees  of  lottffitude, 
wad  thna  et  latitude,  bear  always  to  each  other  th«r  dtM  proportion :  &e 
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equator  is  eoneeived  to  be  extended  ont  into  a  straight  line,  and  the  meri- 
dians are  straight  lioea  at  right  angles  to  it,  as  in  tbe  figure.  Altogotber, 
the  general  oharaeter  of  maps  on  thb  projection  is  not  very  dissiroilar  to 
what  would  be  produced  by  referring  every  point  in  the  globe  to  a  ciratm- 
-ssribing  cylinder,  by  lines  drawn  from  the  centre,  and  then  unrolling  the 
iiyUndor  into  a  plane.  Like  the  st«reogr«phio  projeotioo,  it  gives  a  true 
rqireaentation,  as  to  fom,  of  every  partionlar  small  part,  but  varies 
greatly  in  point  of  tcale  in  its  different  regions;  the  polar  portions  in 
pattJealar  being  eKtravsgantly  enlarged ;  and  the  whole  map,  even  of  a 
■ingle  hemisphere,  not  being  comprisable  within  any  finite  limits. 

(284.)  We  shall  not,  of  oouree,  enter  here  mto  any  geognphical 
details;  but  one  result  of  msritime  discovary  on  the  great  ssale  is,  ao  to 


OUTLINES  OF  ASTROSOUT. 
aue  enough  to  call  for  mpmion  as  an  astronomical  fealmt 

f  Australia  aad  ibc  n^ccot  addition  to  our  antarctio  knowledge 
Land  bj  Sir  J.  C.  Rosa,  we  are  sure  that  no  very  eiteosits 
nd  rcmiun  uuknown),  ne  find  that  it  ia  posiiible  bo  to  diride 
nlo  two  bemispherea,  that  one  shall  contain  ntarly  all  (he  IomI; 

men,  and,  combioed  with  our  tnsolar  station  in  that  great  bigb- 

tbat  London'  occupies  nearly  the  centre  of  the  terrestrial  hemi- 

an  oceanic  and  a  terrestrial  bemiRphere  ia  important,  as  denron- 
a  want  of  absolute  equality  in  the  density  of  the  solid  mil*- 
two  hemispheres.     Considering  tbc  whole  moss  of  land  and    ' 
a  state  of  rq«il<l>ri«jn,  it  is  evident  that  the  half  which  pro 

at  of  necesaity  be  hiioyani ;  not,  of  course,  that  we  mean  U 
bo  lighter  than  •aatrr,  but,  aa  compared  with  the  whole  globe, 

egrre  heavier  than  that  fluid.     We  leave  to  geoIogislB  t»  dnw 

to  the  internal  cooaUtutioo  of  tho  globe,  and  the  immediate 
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oar  ioonding  is  real  and  tangible ;  in  tbe  other,  an  imaginary  one, 
measured  by  the  length  of  the  column  of  quicksilver  the  supcrincumbeaft 
air  is  capable  of  counterbalancing. 

(286.)  Suppose  that  instead  of  air,  the  earth  and  ocean  were  covered 
with  oil,  and  that  human  life  could  subsist  under  such  circumstaoces. 
Let  A  B  C  D  E  be  a  continent,  of  which  the  portion  ABC  projects 

Fig.  44. 


above  tbe  water,  but  is  covered  by  the  oil,  which  also  floats  at  an  uniform 
depth  on  the  whole  ocean.  Then  if  wo  would  know  the  depth  of  any 
point  D  below  the  sea-level,  we  let  down  a  plummet  from  F.  But,  if 
we  would  know  the  height  of  B  above  the  same  level,  we  have  only  to 
■end  up  a  float  from  B  to  the  surface  of  tbe  oil ;  and  having  done  the 
mtme  ai  Cy  a  paint  at  the  tea  level^  the  difference  of  the  two  float  lines 
(fives  ike  height  in  guestion. 

(287.)  Now,  though  the  atmosphere  differs  from  oil  in  not  having  a 
positive  surface  equally  definite,  and  in  not  being  capable  of  carrying  up 
any  float  adequate  to  such  an  use,  yet  it  possesses  all  the  properties  of  a 
fluid  really  essential  to  the  purpose  in  view,  and  this  in  particular, —  that, 
over  tbe  whole  sur&ce  of  the  globe,  its  strata  of  egual  density  supposed 
in  a  state  of  equilibrium,  are  parallel  to  the  surface  of  equilibrium,  or  to 
what  w(nM*he  the  surface  of  the  sea,  if  prolonged  under  the  continents^ 
and  therefore  each  or  any  of  them  has  all  the  chanusters  of  a  definite 
BurfiMe  to  measure  from,  provided  it  can  be  ascertained  and  identified. 
Now,  the  height  at  which,  at  any  station  B,  the  mercury  in  a  barometer 
is  supported,  informs  us  at  once  how  much  of  the  atmosphere  is  incum- 
bent on  B,  or,  in  otner  words,  in  what  stratum  of  the  general  atmosphere 
(indicated  by  its  density)  B  is  situated :  whence  we  are  enabled  finally  to 
conclude,  by  mechanical  reasoning,*  at  what  height  above  the  sea-level 
thai  degree  of  density  is  to  be  found  over  tbe  whole  surface  of  the  globe. 
Such  is  the  principle  of  the  application  of  the  barometer  to  the  measure- 
ment of  heights.     For  details,  the  reader  is  referred  to  other  works.' 

'  Newton's  Princip.  ii.  Prop.  22. 

*  Biot,  Attronomie  Phyiiquo,  vol.  Ui.   For  tablet,  see  the  work  of  Biot  cited.  Aleo 
thoee  of  Oltmann,  annually  pablbhed  by  the  French  board  of  longitudes  in  their 
and  Mr.  Baily*a  oolleetion  of  Aatronomical  Tablet  and  Formala. 


OmXIKEB    OP   ASTEONOBT. 

Wc  will  coDtect  ourselves  here  with  a  geDenI  caution  (gaiut 
I  depenJcnce  od  barometric  measurements,  except  u  a.  difct- 
CSS,  at  slationa  uot  too  remote  from  each  other.     Thej  relj  is 

ata  over  the  whole  globe  —  which  is  very  far  from  being  thwr 
:e  (art.  37,)     Winda,   especially  eteadj  and  general    CDireDto 
over  extensive  couliuonte,  undoubtedly  fend  to  produce  Mnw 
raiiformity  in  the  curvature  of  these  strata  to  the  i/eneral  form 
J-aurface,  and  therefore  to  ^ve  an  undue  elevation  to  the  mer- 
ittin  at  Bomo  pointa.     On  the  other  hand,  the  exislenoe  of 

prevails  to  the  astooiahing  extent  of  nearly  an  inch,  bas  been 
ived  by  the  observations  of  Ermonn  in  Siberia  and  of  Ross  ia 
>tic  Seas,  and  ia  probably  a  result  of  (be  same  canse,  and  mav 
ed  as  complemenlAry  to  an  undue  habirual  elevation  in  other 

ty  connect  al!  stationa  at  the  same  altitude  by  level  lines,  tlie 
which  will  be  the  outline  of  the  sea-coast;  and  the  rest  will 
the  successive  coast-linos  which  would  take  pbce  wer«  the  sea 
regular  and  equal  accessions  of  level  over  the  whole  world,  till 
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CHAPTER  V. 

OF    URANOGRAPHT. 

OONSTBUCnON  OF  CELESTIAL  MAPS  AND  GLOBES  BT  OBSERVATIONS 
OF  RIGHT  ASCENSION  AND  DECLINATION.  —  CELESTIAL  OBJECTS  DIS- 
TINGUISHED INTO  FIXED  AND  ERRATia — OF   THE  CONSTELLATIONS. 

NATURAL  REGIONS  IN  THE  HEAVENS. — THE  MILKT  WAY.  —  THE 

ZODIAC.  —  OF  THE  ECLIPTIC.  —  CELESTIAL  LATITUDES  AND  LONGI- 
TUDES.—  PRECESSION  OF  THE  EQUINOXES.  —  NUTATION.  —  ABERRA- 
TION.— ^REFRACTION.— PARALLAX. — SUMMARY  VIEW  OF  THE  URANO- 
ORAPHICAL  COREBOnONS. 

(290.)  The  determioAtioa  of  the  relative  sitaadons  of  objects  in  tbe 
heavenSi  and  the  oonatraction  of  maps  and  globes  which  shall  trulj  ro- 
proseot  their  xqatoal  configurations  as  well  as  of  catalogues  which  shall 
preserve  a  more  precise  numerical  record  of  the  position  of  each,  is  a  task 
at  ODoe  simpler  and  less  laborious  than  that  by  which  the  surface  of  the 
earth  is  mapped  and  measured.  Every  star  in  the  great  constellation 
which  appears  to  revolve  above  uS;  constitutesi  so  to  speak,  a  celestial  sta- 
tion ;  and  among  these  stations  we  may,  as  upon  the  earthy  triangulate,  by 
measuring  with  proper  instrument  their  angular  distances  from  each 
other,  which,  cleared  of  the  e£fect  of  refraction,  are  then  in  a  state  for 
laying  down  on  charts,  as  we  would  the  towns  and  villages  of  a  country : 
and  thJ3  without  moving  from  our  place,  at  least  for  all  the  stars  which 
rise  above  our  horison. 

(291.)  Great  exactness  might,  no  doubt,  be  attained  by  this  means, 
and  excellent  celestial  charts  constructed ;  but  there  is  a  £&r  simpler  and 
easier,  and  at  the  same  time,  infinitely  more  accurate  course  laid  open  to 
us  if  we  take  advantage  of  the  earth's  rotation  on  its  axis,  and  by  observ- 
ing each  celestial  object  as  it  passes  our  meridian,  refer  it  separately  and 
independently  to  the  celestial  equator,  and  thus  ascertain  its  place  on  the 
mu&ce  of  an  imaginary  sphere,  which  may  be  conceived  to  revolve  with 
ity  and  on  which  it  may  be  considered  as  projected. 

(292.)  The  right  ascension  and  declination  of  a  point  in  the  heavens 
11 
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.  to  the  longitude  and  latilude  of  &  statioQ  on  the  earth ;  wd 
)f  a  star  od  the  oclcsCtal  sphere  ia  determioed,  when  the  foimer 
re  known,  jngt  as  thai  of  a  town  on  a  map,  hy  knowing  th« 
le  great  advantages  which  the  method  of  meridian  obaervatim 
ivcr  that  of  triangulation  froin  star  to  etar,  are,  then,  1st,  That 

star  b  observed  in  that  point  of  its  diurnal  couree,  when  it  \i 
ind  least  displaced  by  re&wjtion.  2dly,  That  the  inatnimenB 
;ho  tranait  and  meridian  circle)  are  the  simplest  and  least  liahle 

derangement  of  any  used  by  aatronomen.   3dly,  That  all  the 

intages;  there  being  here  no  C|iie8tion  about  advantageooi  a 
geouB   triangles,   kc.     And,   lastly,  That,   by   adapting  thii 
!  very  quantities  irhidi  we  should  otbanriu  have  to  calculate 

>  the  forraution  of  a  calalogne,  are  made  the  objects  of  immf- 
urement.     It  is  almost  needless  fco  etate,  then,  that  this  is  the 

To  determine  the  right  ascension  of  a  celeBtial  object,  all  that 
■y  ifl  to  observe  the  moment  of  its  meridian  passage  with  a 
Tument,  by  a  clock  regulBted  to  eisot  Ri)(n«al  time,  or  re>diK«d 
applj-ing  ita  known  error  and  rate.     The  raK  may  be  obtAined 
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obtiiiMd  by  eelestial  obaervatioo.  2dly,  And  more  direcdj,  by  dbierva- 
tioD  of  their  jM>2cir  diitaneet  OD  the  mural  drde,  as  explained  in  art  170| 
whioh  18  independent  of  any  previooa  determination  of  the  latitode 
of  the  station;  neither,  however,  in  thia  ease;  does  observation  give 
directly  «nd  immediately  the  exact  deolinatioBs.  The  observations  xe- 
qoire  to  be  correeted,  first  for  refraction,  and  m(»eover  for  those  minute 
canses  of  iaeqnalify  whieh  bave  been  just  alluded  to  in  the  oase  of  right 
jMoensions. 

(296.)  In  this  manner,  then,  may  the  plaoes,  one  among  tiie  other,  of 
all  eelestial  dijieots  be  ascertained,  and  mafs  aqd  globes  oonstmcted. 
Now  here  arises  «  very  important  question,  fiovr  fiur  are  these  plaoes 
'permanent?  Do  these  stars  and  the  greater  luminaries  of  heaven  pre- 
•enre  for  ever  one  iavariaUe  connection  and  i^laiiDn  of  place  inter  $e^  as 
M  ihej  formed  part  of  a  solid  tihongh  invlfiUe  firmameBit;  and,  likn  the 
gmi  nataial  land-mariis  on  the  earthy  preserve  immutably  the  same 
^istanoss  and  bearings  each  from  the  ether?  If  so^  the  aaoet  rational 
idea  weeonld  form  <tf  the  universe  would  be  that  of  an  earilh  at  absolute 
3«0t  in  the  oentre,  add  a  hollow  crystalline  q^here  eironlsiting  round  i% 
jnd  esnyittg  sun,  umoo,  and  stars  Along  in  its  diumid  notion.  If  not, 
-ve  mnsi  dismiss  all  such  fiotioBs,  and  inquire  individually  into  the  dis- 
tinot  Usioty  of  each  dbjeot,  with  a  view  to  diseevmiig  4he  laws  of  its 
peculiar  motioaa,  and  whether  any  and  what  other  oonnectbn  subsnts 

between  them. 

(297.)  So  fiur  is  this,  however^  from  being  the  caaey  that  observations, 
even  of  the  most  euisery  natwe,  are  suffi<»ent  to  showlhat  some,  at  least, 
of  the  eelestial  bodies,  nod  ihose  ihe  most  oonspiaQOM,  are  in  a  staite  ef 
eontkraal  change  of  plaee  assoog  the  rest  In  the  case  of  the  moon, 
indeed,  ihe  ebange  is  so  rapid  and  lemailDable,  that  its  altsration  of  ait«a* 
tion  with  ivspeei  to  such  bright  stars  as  may  happen  to  be  near  it  may  be 
Botieed  any  fine  m^  in  %  fow  hours;  and  if  notieedon  two  sueeessive 
Bigbte,  cannot  fiul  to  at^Ec  the  most  careless  observer.  With  the  eub, 
ieo^  iSie  change  of  plaee  asaeng  the  stars  »  constant  and  nfMd;  the«gfa, 
from  tbe  invisibility  of  stsrs  to  the  naked  eye  in  the  day-time,  .it  is  not  so 
Madily  reeogniaed,  and  inquires  either  the  use  of  telescopes  and  angular 
instfuments  to  measuie  it,  or  a  ki^er  continuaBee  of  obsorvation  to  be 
lArttek  with  it  Mevcrthekas,  it  is  only  necessary  to  csll  to  mind  its 
greatsr  meridian  altitude  in  eummer  than  in  winter,  and  the  hat  that  ihe 
ataia  wbidh  eeme  into  view  at  night  (and  whioh  are  therefore  sitnated  in 
aa  hemisphere  opposite  to  that  occupied  by  the  sun,  and  having  that 
laasinsry  fiv  its  oentte)  vary  with  the  season  of  the  year,  to  perceive  that 
a  great  change  must  have  takeq  pkce  in  that  interval  in  its  relative  ritua> 


lioii  Willi  nspaek  to  all  the  slnv.    Beodea  the  bod  and  noon,  tio^  Am 

are  aeforal  other  liodiei^  oalled  phnetSy  wineh,  ftr  iho  meal  parip  aypaat 

to  the  naked  eye  only  aa  the  hiigeBt  aad  moat  WUiaiit  atei%  and  wUei 

oflbr  the  aame  phenomenon  of  a  oonatant  ehaage  of  {daea  Maoog  the 

alara;  novqypioaeUngi  attdnowteoedingfitMn,aQQhof  tham'aa  vami^ 

xcAr  them  to  aa  markBi  and|  aoine  in  longeTi  apoM  in  diorter  period^i 

maldng^  like  the  am  and  moon,  the  eomidete  toor  of  the  hmena. 

•  (298.)  Theaoi  howeyeri  are  eioeptiona  to  the  general  mle.    The  bmi^. 

oMiaMe  mnltitade  of  the  atan  whieh  are  jBatributed  ofw  thoTanh  of  the 

heavena  Ibnn  n  oonateUationi  which  preaerveay  not  only  to  the  eye  of  tin 

eaaod  obaerrery  hot  to  the  mee  eiBminaiioQ  of  the  aatronomer,  n  vnl-^ 

Ibrmity  of  aapeot  whibh|  wh«i  oontrMtad  with  the  peipetaal  ehatnga  in' 
the  conHgniatioPB  of  the  aon,  moon,  and  pianetn^  may  well  he  li'iiaad 

invariable.    It  ia  trae^  iadeed,  that,  ly  the  raBnement  of  eoaaet  mtninra- 

menta  pcoaeented  from  age  to  age,  aome  email  ohanfMi  of  appaiml  plaa% 

■ttrfbntaUe  to  no  illnaioo  and  to  no  terre^tnai  eanaa^  hnfe  bean  dateeted 

in  flMny  of  them.    Sneh  are  eaUad,  in  aatnnomyi-tlUjpfigiff' flnofftena  of 

the  flan.     Bnt  theaa  ana'  ae  annnaiiiil^  doW|  thai  their  aeenmdalid 

anomit  («fen  in  thoae  atam  Ibr  wliieh  diey  are  graaleat)  haa  been  inanM 

eient^  in  the  whole  doration  of  aatronomieal  Urtoiy,  to  pinduea  any 

eMm  or  malarial  alteration  in  tlm  appeaianee  of  the  atariy  bemak.    ' 

(299.)  Tide  eirenntttanee^  then,  eatabliahea  n  brand  dlilinellon  of  the 
heavenly  bodies  into  two  great  classes;  —  the  fixed,  among  whieh  (nnlesa 
in  a  course  of  observations  continued  for  many  years)  no  change  of  mutual 
rituation  can  be  detected;  and  the  erratic,  or  wandering — (which  n 
implied  in  the  word  planet') — including  the  sun,  moon,  and  planetB,  m 
well  as  the  singular  class  of  bodies  termed  comets,  in  whose  apparent 
places  among  the  stars,  and  among  each  other,  the  observation  of  %  few 
days,  or  even  hours,  is  sufficient  to  exhibit  an  indisputable  alteration. 

(800.)  Uranograpby,  then,  as  it  ooncems  the  fixed  celestial  bodies  (or, 
aa  they  are  usually  called,  the  fioced  stars),  is  reduced  to  a  simple  marking 
down  of  their  relative  places  on  a  globe  or  on  maps;  to  the  insertion  on 
that  globe,  in  its  due  place  in  the  great  constellation  of  the  stars,  of  the 
pole  of  the  heavens,  or  the  vanishing  point  of  parallels  to  the  earth'a 
axis ;  and  of  the  equator  and  place  of  the  equinox :  points  and  cirolea 
these,  which,  though  artificial,  and  having  reference  entirely  to  our  earth, 
and  therefore  subject  to  all  changes  (if  any)  to  which  the  earth's  axis  may 
be  liable,  are  yet  so  convenient  in  practice,  that  they  have  obtained  an 
admission  (with  some  other  circles  and  lines),  sanctioned  by  usage,  in  all 
globea  and  planispherBS.    The  reader,  however,  will  take  eare  to  keep 

'  MXkmnnwt,  a  wtnderer. 
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Ihem  aepaiftte  in  his  mind,  and  to  fiimiliarize  himself  with  the  idea  rather 
of  two  or  more  celestial  glohes,  superposed  and  fitting  on  each  other,  on 
one  of  which — a  real  one  —  are  inscribed  the  stars;  on  the  others  those 
imaginary  points,  lines,  and  circles,  which  astronomers  have  devised  for 
their  own  uses,  and  to  aid  their  calcalations ;  and  to  accustom  himself  to 
conceire  in  the  latter  or  artificial  spheres  a  capability  of  being  shifted  in 
any  manner  upon  the  surface  of  the  other;  so  that,  should  experience 
demonstrate  (as  it  does)  that  these  artificial  points  and  lines  are  brought, 
by  a  slow  motion  of  the  earth's  axis,  or  by  other  iecular  variations  (as 
they  are  called),  to  coincide,  at  very  distant  intenrals  of  times,  with  dif- 
ferent  starS|  he  may  not  be  unprepared  for  the  change;  and  may  have  no 
confusion  to  correct  in  his  notions. 

(801.)  Of  coarse  we  do  not  here  speak  of  those  uncouth  figures  and 
outlines  of  men  and  monsters,  which  are  usually  scribbled  over  celestial 
globes  and  maps,  and  serve,  in  a  rude  and  barbarous  way,  to  enable  us  to 
talk  of  groups  of  stars,  or  districts  in  the  heavens,  by  names  which, 
though  absurd  or  puerile  in  their  origin,  have  obtained  a  currency  from 
which  it  would  be  difficult  to  dislodge  them.  In  so  fiir  as  they  have  really  (as 
some  have)  any  slight  resemblance  to  the  figures  called  up  in  imagination 
by  a  view  of  the  more  splendid  "  constellations,"  they  have  a  certain  con- 
venionoe ;  but  as  they  are  otherwise  entirely  arbitrary,  and  correspond  to  no 
imlvra/ subdivisions  or  groupings  of  the  stars,  astronomers  treat  them  lightly, 
or  altogether  disregard  them,'  except  for  briefly  naming  remarkable  stars,  as 
a  Leonis,  fi  Soorpii,  &c.  &c.,  by  letters  of  the  Greek  alphabet  attached  to 
them.  The  reader  will  find  them  on  any  celestial  charts  or  globes,  and  may 
eompaie  them  with  the  heavens,  and  there  learn  for  himself  their  position. 

(302.)  There  are  not  wanting,  however,  natural  districts  in  the  heavens, 
which  ofier  great  peculiarities  of  character,  and  strike  every  observer: 
sadi  is  the  miik^  toay,  that  great  luminous  band,  which  stretehes,  every 
evening,  all  across  the  sky,  from  horison  to  horiion,  and  which,  when 
traced  with  diligence,  and  mapped  down,  is  found  to  form  a  lone  com- 
pletely enoiieling  ike  whoU  tphere^  almost  in  a  great  circle,  which  is  neither 
an  howr  circle,  nor  coincident  with  any  other  of  our  astronomical  gram" 
maia.  It  is  divided  in  one  part  of  ito  course,  sending  off  a  kind  of 
branch,  which  unites  again  with  the  main  body,  after  remaining  distinct 
for  about  150  degrees,  within  which  it  Suffers  an  interruption  in  its  con^ 

>  This  disregtrd  is  neither  rapercilious  nor  causeleee.  The  constellationfe  aeem  to 
have  been  almoet  purpoeeljr  named  and  delineated  to  cause  as  mach  confiision  and 
ifieonvenieoee  as  possible.  Innumerable  snakes  twine  through  long  and  contorted 
areas  of  the  heavens,  where  no  memory  can  follow  them  ;  bears,  lions,  and  fishes, 
large  snd  small,  northern  and  southern,NConfuse  all  nomenclature,  &c.  A  better  ays- 
ttm  of  constellations  might  have  been  a  material  help  as  an  artificial  memory. 


160  OfTTLINBa  OV  ikSTRONOMT. 

tinaity.  This  remarkable  belt  has  maintained,  from  the  earliest  ages,  tha 
same  relative  situation  among  the  stars;  and,  whea  examined  thron^^ 
powerful  telescope,  is  found  (wonderful  to  relate'!)  to  oon$ui  entirely  of 
stars  scattered  by  millions^  like  glittering  dust,  on  the  Uadt  ground  of  tha 
general  heavens.  It  will  be  described  more  partieulwly  in  the  subsequeol 
portion  of  this  work. 

(803.)  Another  remarkable  region  in  the  heavens  is  tJ^e  aodiaCf  sol 
from  any  thing  peculiar  in  its  own  constitution,  but  from  its  being  tha 
area  within  which  the  apparent  motions  of  the  sun,  moon,  and  all  tha 
greater  planets  are  confined.  To  trace  the  path  of  any  one  of  these,  it  is 
only  necessary  to  ascertain,  by  continued  observation,  its  places  at  suooes* 
sive  epochs,  and  entering  these  upon  our  map  or  sphere  in  sufficient  nunp 
ber  to  form  a  series,  not  too  finr  disjoined,  to  connect  them  by  lines  from 
point  to  point,  as  we  mark  out  the  course  of  a  vessel  at  sea  by  mapping 
down  its  place  from  day  to  day.  Now  when  this  is  done,  it  is  found,  fir^, 
that  tile  apparent  path,  or  track,  of  the  sun  on  the  surface  of  the  heavens^ 
is  DO  other  than  an  exact  great  circle  of  the  sphere  which  is  called  the 
ee&pHe,  and  which  is  inclined  to  the  equinoctial  at  an  angle  of  about  28^ 
28',  intersectnig  it  at  two  opposite  points,  called  the  equinoctial  points,  or 
equinoxes,  and  which  are  distingubhed  from  each  other  by  the  epithets 
vema]  and  autumnal ;  the  vernal  being  that  at  which  the  sun  crosses  the 
equinoetia}  from  south  to  north ;  the  autumnal,  when  it  quits  the  northeni 
and  enters  the  southern  hemisphere.  Secondly,  that  the  moon  and  all 
the  planets  pursue  paths  which,  in  like  manner,  encircle  the  whole 
heavens,  but  are  not,  like  that  of  the  sun,  great  circles  exactly  returning 
into  themselves  and  bisecting  the  sphere,  but  rather  spiral  curves  of  much 
complexity,  and  described  with  very  unequal  velocities  in  their  difierent 
parts.  They  have  all,  however,  this  in  common,  that  the  general  direo 
tion  of  their  motions  is  the  same  with  that  of  the  sun,  viz.  from  west  to 
east  J  that  is  to  say,  the  contrary  to  that  in  which  both  tboy  and  the  stars 
appear  to  be  carried  by  the  diurnal  motion  of  the  heavens;  and,  more- 
over, that  they  never  deviate  far  from  the  ecliptic  on  either  side,  eroding 
and  recrossing  it  at  regular  and  equal  intervals  of  time,  and  confining 
themselves  within  a  sone,  or  belt  (the  zodiac  already  spoken  of),  extend- 
ing (with  certain  exceptions  among  the  smaller  planets)  not  further  than 
8**  or  9*^  on  either  side  of  the  ecliptic. 

(304.)  It  would  manifestly  be  useless  to  map  down  on  globes  or  charts 
the  apparent  paths  of  any  of  those  bodies  which  never  retrace  the  same 
course,  and  which,  therefore,  demonstrably,  must  occupy  at  some  one  mo- 
ment or  other  of  their  history,  every  point  in  the  area  of  that  zone  of  the 
neavens  within  which  they  are  circumscribed.    The  apparent  complication 
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of  tbeir  moTemenIt  mm'  (that  of  the  mooo  excepted)  from  o«r  yiewibg 
tbem  from  a  station  whiob  ia  kaelf  in  motion,  and  wonld  diaappear,  oonld 
we  ahift  oar  pmnt  of  ^ew  and  observe  tbem  from  the  snik  On  the  other 
hand  the  apparent  motion  of  the  sun  ia  preaented  to  us  under  ita  least 
involved  form,  and  ia  atadied,  from  the  station  we  occupy,  to  the  greatest 
advantage.  So  that,  independent  of  the  importance  of  that  luminary  to 
na  in  other  iwpects^  it  is  hy  the  investigation  of  the  laws  of  its  motions 
in.  tfie  first  instance  that  we  must  rise  to  a.  knowled^B  of  those  of  all  the 
other  bodies  of  our  system. 

(805.)  The  ecliptic,  which  is  its  apparent  path  among  the  stars,  is  tra* 
vnned  by  it  in  the  period  called  the  ndereal  year,  which  consists  of 
865'  ^^  9-  9-6%  reckoned  in  mean  solar  time  or  866'  ^^  9-  9-6*  reck- 
oned in  sidereal  time.  The  reason  of  this  difference  (and  it  is  thb  which 
•QWtitates  the  ovigitt  of  the  difference  between  solar  and  sidereal  time) 
IS)  that  aa  the  sun's  apparent  annual  motion  among  the  stars  is  perfinined 
in  a  eontrary  direction  to  the  apparent  diurnal  motion  of  both  sun  and 
elan^  it  eomes  to  the  same  tbiog  as  if  the  diurnal  motion  of  ihe  sun  were 
so  much  9lMMr  than  that  of  the  stars,  or  as  if  the  sun  lagged  behind 
Aem  in  its  daily  eoufse.  When  this  has  gone  on  for  a  whole  year,  the 
inn  will  have  fallen  behind  the  stars  by  a  whole  circumference  of  the 
heavena — or,  in  other  words  — in  a  year  the  sun  will  have  made  fewer 
Anal  revolutions,  by  one,  than  the  stars.  So  thai  the  same  interval  of 
tine  which  is  measured  by  866'  6^  &e.  of  sidereal  time,  will  be  called 
865  days,  6  hours,  &C.,  if  reckoned  in  mean  solar  time.  Thus,  then,  is 
the  proportion  between  the  mean  solar  and  sidereal  time  established, 
whiob,  reduced  into  a  decimal  fraction,  is  that  of  1  00278791  to  1.  The 
measurement  of  time  by  these  different  standards  may  be  compared  to 
that  of  space  by  the  standard  feet,  or  ells  ci  two  different  nations;  the 
proportions  of  which,  once-  settled  and  borne  in  mind,  can  never  become 
n  ionroe  of  error. 

(806.)  The  pontion  of  the  ecliptic  among  the  stars  may,  for  our  pre- 
aent  purpose,  be  regarded  as  invariable.  It  is  true  that  this  is  not  strictly 
the  case;  and  on  comparing  together  its  position  at  present  with  that 
which  it  held  at  the  most  distant  epoch  at  which  we  possess  observations, 
we  find  evidences  of  a  small  change,  which  theory  accounts  for,  and  whose 
nature  will  be  hereafter  explained ;  but  that  change  is  so  excesnvely  slow, 
that  for  a  great  many  successive  years,  or  even  for  whole  centuries,  this 
cbnla  may  be  regarded,  for  most  ordinary  purposes,  as  holding  the  same 
position  in  the  sidereal  heavens. 

(807.)  The  p6U$  of  ikt  ecUpltCy  like  those  of  any  other  great  circle 
of  the  spherci  are  opposite  points  on  ita  svfrne^  equidistant  from  the 
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inoctial,  but  removed  from  it  by  an  angular  interval  equal  10 
ion  of  the  «liptic  to  the  equinoctial  (23=  28'),  -which  is  called 
'Iff  of  thr.  ecliptic.     In  the  next  figure,  if  P  ^  represent  Ae 
Bouth  poles  (by  which  when  used  without  qunlification  we  »!■ 
1  the  poles  of  Ihf  ei]>ii,ioclia/),  and  KAQV  the   equinoctial, 

ty  of  the  ecliptic,  and  h  equul  in  angular  measure  to  P  K  or 
re  suppoao  the  sun's  apparent  motion  to  be  in  the  directioD 
V  will  be  the  vernal  and  A  the  mif^mval  ^q„{«ox,  "S  and  W, 

Bo/sticct,  because,  when  arrived  there,  the  sun  ceasei  to  recede 
[uator,  and  (in  that  sense,  so  far  as  its  motion  in  deciinatjon  ii 
to  etand  still  in  the  heavens.     S,  the  point  where  the  son  his 
t  nordc™ declination,  ia  called  the  *nmrmr,  and  W,  that  whetf 
ist  south,  the  irinlcr  xolHtice.     These  epithets  obviously  hare 
1  in  the  dependence  of  the  seasons  on  the  sun'a  dcclioatioB, 
be  caphincd  in  the  next  chapter.     The  circle  EKPQtft 
es  through  the  poles  of  the  ecliptic  and  equinoctial,  ie  called 
il  colure;  and  a  meridian  drawn  through  the  equinoxes,  P  T 
qiiiiioclial  colure.-'i^ 
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arc  of  the  ediptio  intercepted  between  the  Teroal  equinox  and  this  circlei 
its  longitude.  In  the  figure,  X  is  a  star,  P  X  R  a  circle  of  declination 
drawn  -through  it,  by  which  it  is  referred  to  the  equinoctial,  and  K  X  T  a 
circle  of  latitude  referring  it  to  the  ecliptic  —  then,  as  Y  R  is  the  right 
uoen^ion,  and  R  X  the  declination,  of  X,  so  also  is  Y  T  its  longitude,  and 
T  X  its  latitude.  The  use  of  the  terms  longitude  and  latitude,  in  this 
sense,  seems  to  have  originated  in  considering  the  ecliptic  as  forming  a 
kind  of  natural  equator  to  the  heavens,  as  the  terrestrial  equator  does  to 
the  earth — the  former  holding  an  invariable  position  with  respect  to  the 
Stan,  as  the  hitter  does  with  respect  to  stations  on  the  earth's  surface. 
The  force  of  this  observation  will  presently  become  apparent. 

(809.)  £[nowing  the  right  ascension  and  declination  of  an  object,  we 
may  find  its  longitude  and  latitude,  and  vice  versd.  This  is  a  problem 
of  great  use  in  physical  astronomy  —  the  following  is  its  solution :  —  In 
oar  last  figure,  £  K  P  Q,  the  solstitial  colure  is  of  course  90^  distant  from 
V,  the  Temal  equinox,  which  is  one  of  its  poles — so  that  Y  R  (the  righl 
aseension)  being  given,  and  also  Y  E,  the  arc  E  R,  and  its  measure,  the 
qpherical  angle  £  P  R,  or  K  P  X,  is  known.  In  the  spherical  triangle 
KPX,  then,  we  have  given,  1st,  The  side  P  K,  which,  being  the  distance 
of  ihe  poles  of  the  ecliptic  and  equinoctial,  is  equal  to  the  obliquity  of 
the  ecliptic  \  2d>  The  side  P  X,  the  polar  distance f  or  the  complement 
of  the  declination  R  X ;  and,  dd,  the  included  angle  KPX;  and  there- 
five,  by  spherical  trigonometry,  it  is  easy  to  find  the  other  side  K  X,  and 
the  remaining  angles.  Now  K  X  is  the  complement  of  the  required  lati* 
tude  X  T,  and  the  angle  P  K  X  being  known,  and  P  K  Y  being  a  right 
angle  (becaose  S  Y  is  90^),  the  angle  X  K  Y  becomes  known.  Now 
this  is  no  other  than  the  measure  of  the  longitude  Y  T  of  the  object. 
The  inverse  problem. is  resolved  by  the  same  triangle,  and  by  a  process 
exactly  similar. 

(810.)  It  is  often  of  use  to  know  the  situation  of  the  ecliptic  in  the  visible 
heavens  at  any  instant;  that  is  to  say,  the  points  where  it  cuts  the  horizon,  and 
the  altitude  of  its  highest  point,  or,  as  it  is  sometimes  called,  the  nonage^imal 
pmnt  of  the  ecliptic,  as  well  as  the  longitude  of  this  point  on  the  ecliptic 
itself  from  the  equinox.  These,  and  all  questions  referable  to  the  same 
data  and  qusesitOy  are  resolved  by  the  spherical  triangle  Z  P  E,  formed  bj 
the  lenith  Z  (considered  as  the  pole  of  the  horizon),  the  pole  of  the 
equinoctial  P,  and  the  pole  of  the  ecliptic  £.  The  sidereal  time  being 
given,  and  also  the  right  ascension  of  the  pole  of  the  ecliptic  (which  is 
idwaja  the  same,  vis.  18^  0"  0"),  the  hour  angle  Z  P  £  of  that  point  is 
known.  Then,  in  this  triangle  we  have  given  PZ,  the  oolatitude;  PE, 
tho  pdar  distance  of  the  pole  of  the  ecliptic,  28''  28',  and  the  angle  Z  P  E 
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•qnnaz  tnm  «att  to  west  along  the  fonner,  oonspirei  (speddog  generally) 

with  the  dionud  motioDi  and  oarries  it,  with  refereoee  to  that  motioni 

cMtioiially  ia  adraoot  upon  the  stars :  heooe  it  has  acquired  the  name 

of  the  pFcceuum  of  the  eg^noxegj  becaoae  the  place  of  the  equinox  among 

the'  Stan,  at  evciy  sohsequent  moment,  preceda  (with  reference  to  the 

dramal  motioii)  tiuii  wUoh  it  held  the  moment  before.     The  amount  of 

this  motioD  by  whioh  the  equinox  travels  backward,  or  retrogrades  (as  it 

is  sailed),  on  the  eeliptie,  is  0^  0'  50'10"  per  annumj  an  extremely 

ainnte  quantity^  bat  whieh,  by  its  oontinual  accumulation  from  year  to 

jesr,  at  kal  makes  itaeif  very  palpable,  and  that  in  a  way  highly  incon- 

ftnieDt  to  piMtkal  aitRmomersy  by  destroying,  in  the  lapse  of  a  moderate 

nasubtf  of  yeavs^  the  anangement  of  thnr  catalogues  of  stars,  and  making. 

it  ai.i*— ly  to  leeeastnnt  tbem.    Since  the  fonnation  of  the  earliest  cata« 

kpM  oa  racosd,.tlle  plaoe  of  the  eqainox  has  retrograded  already  about: 

30*.    The  period  in  whish  it  performs  a  complete  tour  cf  the  ecliptic,  ia 

Sfi,868yeaiiL' 

(S1&)  The  iimiiediate  vianognphioal  effect  of  the  precession  of  the 
(funexes  ia  te  prodnoe  »  anifosm  tnereoie  of  longitude  in  all  the  heavenl j 
Miea^  wbelbetf  fiaed  or  emtio.  For  the  vernal  equinox  being  the  initial 
fmt  ef  loDgtedeB^  aa  weB  aa  of  right  ascension,  a  retreat  of  this  point 
oatha  aeBplio  tdk  opoo  die  bogitudea  o£  all  alike,  whether  at  rest  or  ia 
■otioa,  audi  psedacea,.  aa  ihr  as  its  amount  extends,  the  appearance  of  a 
■otioD  in  longitade  coaunoo  to  all,  as  %/*  the  whole  heavens  had  a  sbw 
ntadoa  nmad  the  poles  o£  the  ecliptic  in  the  long  period  above  mentioned, 
nular  ta  what  they  have  ia  tweaty-foor  hours  round  those  of  the  equi* 
assliaL  Thaa  inevease  oi  kiagitade,  the  reader  will  of  ooorse  observe  and 
bear  in  aiind,  ia,  pvoperij  speaking,  neither  a  real  nor  an  apparent  move* 
mem  o/ike$iam  It  is  a  pwely  technical  result,  ariaing  from  the  gradual 
ihifting  of  the  sen>  point  from  which  longitudes  are  reckoned.  Had  a 
iisd  star  been  ehoosa  aa>  the  origin  of  bngitudes,  they  would  have  been 
iavariablek 

(314.)  Ta  faraa  a  just  idea  of  this  eurioua  astronomical  phenomenon, 
hewever,  we  mast  abandon,  for  a  time,  the  consideration  of  the  ecliptic, 
m  tending  to  paodnoe  confosioa  ia  our  ideas;  for  this  reasoa,  that  the 
stability  of  die  esliftio  itself  among  the  stars  is  (as  already  hinted,  art 
SOB)  only  approxiMate,  and  that  in  eonsequenoe  its  iatersectton  with  the 
«{uinoctial  is  liable  to  a  certain  amount  of  change,  arising  from  its  fluo> 
taation,  which  miaes  itself  with  what  is  due  to  the  principal  uranogra- 
phical  cause  of  the  phenomenon.     This  cause  will  become  at  once  appa^ 

*  laopamt  laagai  piocedeie  mensea — ViaeiL.  P«tfji* 
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ead  of  regarding  the  equinox,  wc  fix  onr  atten^on  on  the  poll 
octial,  or  the  vanishing  point  of  the  eartb'a  axis. 
he  pliioe  of  this  point  among  the  stars  Is  easily  determined  tl 
by  tiie  most  dirtct  of  all  astronomical  observatious, — tfaow 
riilian  or  ninral  circle.     By  (bia  instrament  we  are  enabled  U 
fvery  moment  llie  exact  dislance  of  tJie  polar  point  from  »aj 
ore  stars,  and  therefore  to  lay  it  down,  by  triangulating  &oa 
with  unerring  precision,  on  a  chart  or  globe,  vitbout  tht 
nee  to  the  position  of  the  ecliptic,  or  to  any  other  drcle  not    | 
UDCcted  with  it.     Now,  when  this  is  done  with  proper  dili- 
CEKctness,  it  results  that,  although  for  short  inteirals  of  timt, 
w  days,  the  pUee  of  the  pole  may  be  regarded  as  not  senubly 
t  in  reality  it  ia  in  a  slate  of  constant,  although  extreroelj 
n ;   and,  what  ia  stitl  more  remarkable,  this  motion  it  not 
t  conipoundcJ  of  one  principal  uniform,  or  nearly  unifenn, 
other   smaller    and    subordinate   periodical    fluctuations:   tbt 

nomcnon  called  nutation.     These  two  phenomena,  it  is  tree, 
retically  speaking,  to  one  and  the  same  general  head,  and  uc 

nsequences  flowing  from  the  earth's  rotation  on  its  axis :  hot 
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glan,  in  %  small  cirole  rouDd  tho  pole  of  the  ecliptic.    Now  this  cannot 
bappen  without  producing  oorreapondlng  changes  in  the  apparent  diurnal 
BOtion  of  the  ^here,  and  the  aspect  which*  the  heavens  must  present  at 
Toy  xeoiote  periods  of  history.     The  pole  is  nothing  more  than  the 
tanishiiig  point  of  the  earth's  axis.     As  this  point,  then,  has  such  a 
BOtioii  as  we  have  described,  it  necessarily  follows  that  the  earth's  cm* 
ant  have  a  conical  motion,  in  virtue  of  which  it  points  successively  to 
ereiy  pari  of  the  small  drcle  in  question.     We  may  form  the  best  idea 
of  foeh  a  motion  by  noticing  a  child's  peg-top,  when  it  spins  not  upright, 
or  that  amuaing  toy  the  te-to-tum,  which,  when  delicately  executed,  and 
nieely  balanced,  becomes  an  elegant  philosophical  instrument,  and  ex- 
lubitBy  in  the  most  beautiful  manner,  the  whole  phenomenon.     The 
reader  will  take  care  not  to  confound  the  variation  of  the  pontion  of  the 
eartkU  axis  in  qtaoe  with  a  mere  shifting  of  the  imaginary  line  about 
wUeh  it  revolveSi  in  its  interior.     The  whole  earth  participates  in  the 
motion,  and  goes  along  with  the  axis  as  if  it  were  really  a  bar  of  iron 
diiven  through  it  That  such  is  the  case  is  proved  by  the  two  great  ^ts : 
lBt|  thai  the  latitudes  of  places  on  the  earth,  or  their  geographical  situa- 
tion with  respeoi  to  the  poles,  have  undergone  no  perceptible  change  from 
the  earliest  ages.   2dly,  that  the  sea  maintains  its  level,  which  could  not 
be  the  case  if  the  motion  of  the  axis  were  not  accompanied  with  a  motion 
of  the  whole  mass  of  the  earth.* 

(318.)  The  visible  efiect  of  precession  on  the  aspect  of  the  heavens 
oooastB  in  the  apparent  approach  of  some  stars  and  constellations  to  the 
pok  and  recess  of  others.  The  bright  star  of  the  Lesser  Bear,  which  we 
oil  the  pde  star,  has  not  always  been,  nor  will  always  continue  to  be, 
our  eynosore :  at  the  time  of  the  construction  of  the  earliest  catalogues  it 
WW  12^  from  the  pole — it  is  now  only  1^  24',  and  will  approach  yet 
Maier,  io  within  half  a  degree,  after  which  it  will  a^n  recede,  and 
ibwly  give  place  to  others,  which  will  succeed  in  its  companionship  to 
the  pole.  After  a  lapse  of  about  12,000  years,  the  star  a  Lyrao,  the 
brightest  in  the  northern  hemisphere,  will  occupy  the  remarkable  situa- 
tion of  a  pole  star  approaching  within  about  5^  of  the  pole. 

(819.)  At  the  date  of  the  erection  of  the  Great  Pyramid  of  Gizeh, 
whkh  precedes  by  8970  years  (say  4000)  the  present  epoch,  the  longi- 
tudes of  all  the  stars  were  less  by  55^  45'  than  at  present.     Calculating 

'  Loeal  chaqgei  of  the  sea  level,  arising  from  purely  geological  causes,  are  easily 
distinguished  from  that  general  and  systematic  alteration  which  a  shifting  of  the  axia 
of  rotatioa  would  gife  rise  to. 
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atnm'  the  plaoe  of  (be  pole  of  tbe  hetvena  naoag  the  stBS,  k 
nd  U)  full  near  a  DrsmuiB ;  iu  disUnoe  from  tiut  star  being  V 

Tia  therefore  the  pole  sUr  at  that  epoob.     And  the  Utiiude  d 
g  jutt  80°  north,  and  coDsei^iiently  the  altitude  of  the  Dn4 
alio  30°,  it  follows  tb»t  the  Btar  in  question  must  b»Ye  htA  V 

fact,  asaeitaioed  by  the  kle  researebea  of  Col.  Vyse,  Uut  of 
yrnmids  Btjll  eiiating  at  Giseh,  sic  (including  all  tbe  Isrgcfi: 
arrow  passages  by  which  alone  the;  can  be  entered,  (all  wbicf! 

downwards  at  angles  as  follows. 

yracnid  of  Cephren „., £6    56 

Mean    -    26   47 
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4HI  mppmnni  MpproMAi  and  rocoss  of  all  the  stars  in  the  heavens  to  the 
'pole  in  the  ttune  period.  Sinoe,  also,  the  place  of  the  equinox  on* 
-the  eefiptio  is  determined  hy  the  plaee  of  the  pole  in  the  heavens,  the 
■ane  cause  will  fpve  rise  to  a  small  alternate  advance  and  recess  of  the 
-«qaiDoetial  pomts,  hy  whioh,  in  the  same  period,  both  the  longitudes  and 
the  ri^  aseensiona  of  the  stars  will  he  also  alternately  increased  and 
diminished. 

(822.)  Both  dMSe  motions,  however,  ahhovgh  here  considered  sepa- 
imtely,  sahMt  jointly;  and  since,  while  in  vhrtne  of  the  natation,  the  pole 
la  deaeribiag  its  litUe  ellipse  of  18" '5  in  diameter,  it  is  carried  by  the 
gfeater  tDd  r^gnkrly  progressive  motion  of  precession  over  so  much  of  its 
aide  Tooad  Ihe  pole  of  the  ecliptic  as  corresponds  to  nineteen  years,— 
tfMt  ia  to  say,  over  an  angle  of  nineteen  times  50" -1  round  the  centre 
(which,  in  a  anuill  dide  of  23^  28'  in  diameter,  corresponds  to  6'  20", 
as  seen  ftt>m  the  centre  of  the  sphere)  :  the  path  which  it  will  pursue  in 
^irtne  of  the  two  motions,  subsisting  jointly,  will  be  neither  an  ellipse 
mr  an  czaot  oifde,  but  a  gently  undulated  ring  like  that  in  the  figure 
(where,  howevw,  the  nndalations  are  mndi  exaggerated).  (See  fy^ 
to  art  825.) 

(828.)  These  movements  of  precession  and  notation  are  common  to  all 
dm  celestial  bodies,  both  fixed  and  erratic;  and  this  ciroumstancc  makes 
it  impossible  to  attribute  them  to  any  other  cause  than  a  real  motion  of  the 
earth's  axis  audi  as  we  have  described.  Did  they  only  affect  the  starsy 
ihey  might)  with  equal  plausibility,  be  urged  to  arise  from  a  reai  rotation 
of  the  starry  heavens,  as  a  solid  shell,  round  an  axra  passing  through  the 
poles  of  the  ediptio  in  25,868  years,  and  a  real  ediptio  gyration  of  that 
uda  in  nineteen  years :  but  since  they  also  afieot  the  sun,  moon,  and  pla- 
nets, which,  having  motions  independent  of  the  general  body  of  the  stars, 
eaimot  witheat  extravagance  be  supposed  attached  to  the  celestial  concave,* 
tltia  idea  fidls  to  the  ground ;  and  there  only  remains,  then,  a  real  motion 
in  the  earth  by  which  they  can  be  accounted  for.  It  will  be  shown  in  a 
aabsequent  chapter  that  they  are  necessary  consequences  of  the  rotation 
of  the  earth,  combined  with  its  elliptical  figure,  and  the  unequal  attrac- 
tion of  the  son  and  moon  on  its  polar  and  equatorial  regions.  \^^ 

(824.)  Uranc^iraphically  considered,  as  afiecting  the  apparent  places  of 
tiie  stars,  they  are  of  the  utmost  importance  in  practical  astronomy.  When 
ire  speak  of  the  ri^t  ascension  and  declination  of  a  celestial  object,  it 


'  This  argument,  eoBent«t  it  ii,  Bcquiret  •4diiierwl  and  dccinva  foroe  from  the  Itw 
of  natation,  which  m  dependtnt  on  the  pcMtion,  for  the  tine,  of  tke  lunar  orbit.  If 
m  nttributa  it  to  ■  ml  motion  of  the  celettitl  sphere,  wo  muft  then  mtintain  that  sphere 
to  be  kept  hi  a  constant  state  of  tremor  hj  the  motion  of  the  moon. 


becomeB  neoeMoy  to  stele  whit  ^poeh  «•  intendi  DmI  vbeAar  we 
the  meom  right  asoennoa — dnndf  thai  u^  of  the  perirfiwl  flietiwitkM  m 
iti  amoant^  whioh^priias  from  natatioo,  or  the  mfpm'mf  right  aeeenrfoi^ 
whiehy  beiog  mekoned  fiom  the  aetoal  jdaoe  of  the  venal  ei|iiuiai^  k 
aflboted  bj  the  pemdieal  aifaoee  aiid-ieoe«  of  the  eqnitteerial  point  pi9- 
dnoed  bj  natalioa— 'and  ao  of  the  other  demeiila.  It  k  Ihe  piaotioe  of 
aatroDomen  to  re^hux,  as  it  is  termed|  all  their  olwerfatioii%  both  of  n^ 
aaoensipiiaiiddecliiiatiooi  tojomeooaflion  aad  oonfenkiit  epoeh — audi 
aa  the  beginiuDg  of  the  jear  for  temporary  piupose%  or  of  the  deeadoier 
the  oentary  for  move  permaaent  nseSi  bj  anbtnatiDg  from  them  tbeiriMla 
eflbotof  preoearioam  theisterval;  and,  moreover,  to  dbaat  them  rf  the 
inflaenoe  of  notation  l^  inveatigatbg  and  aobdnoCfaig  the  aaMmnt  ef 
ehange^both  in  right  asoeniion  and  deelination,  dae  to  the  daplaeeBWl 
of  the.ppkfiomtheoentretotheoirimmteeneeof  Ihelitdeell^paeahovn 
mentiooed*  Thu  last  prooem  k  tedmioallj  fy^'^f^P  oomeling  or^emMilNw 
theobaecvatiQnftrniitalion;  bj  whidi  la^  word,  k  alvaja:  mderalBiii 
iy>.aafapopomy,  the  getting  rid  of  a  perkdieal  oanaa  of  ilnetoationyandpi 
aenting  a  resoll^  not  aa  it  low  obaervedy  bat  aa  it  wonU  havehseo  ohosi^^ 
had  that  oanse  of  flnetiiation^^)Do  ezistenoe.  '  h|' 

.  (825.)  For  these  pnipoae^  in  the  preaent,.0siii^  mj  nnn lepfant 
flbrmolm  have  been  derivedi  and  tablea  ooostmoted.  Ihej.  erS|.bo«iap|fy 
of  too  teehoiipal  a  oharaoter  for  thk  mnk;  we  shaOn^bQwevei^  point.eift 
the  manner  in  which  the  investigation  is  oondnoted.  It  haa  been  ahovn 
in  art.  309  by  what  means  the  right  ascension  and  dedination  of  aa 
object  ore  derived  from  its  longitude  and  latitade.  Be&rring  to  the 
figure  of  that  article,  and  supposing  the  triangle  K  P  X  orthographical]^ 
projected  on  the  plane  of  the  ecliptic  as  in  the  annexed  figure :  in  the 
triangle  K  P  X,  K  P  is  the  obliquity  of  the  ecliptic,  K  X  the  co-latUude 
(or  complement  of  latitude),  and  the  angle  P  K  X  the  co4ongitude  of  the 
object  X.  These  are  the  data  of  our  question,  of  which  the  second  k 
constant,  and  the  other  two  are  varied  by  the  effect  of  precession  and 
nutation :  and  their  variations  (coosidering  the  minuteness  of  the  latter 
effect  generally,  and  the  small  Dumber  of  years  in  comparison  of  the 
whole  period  of  25,868,  for  which  we  ever  require  to  estimate  the  eflfeet 
of  the  former,)  are  of  that  order  which  may  be  regarded  as  infinitesimal 
in  geometry,  and  treated  as  such  without  fear  of  error.  The  whole  ques- 
tion, then,  is  reduced  to  this: — In  a  spherical  triangle  KPX,  in  which 
one  side  K  X  is  constant,  and  an  aogle  K,  and  adjacent  side  K  P  vary  by 
given  infinitesimal  changes  of  the  position  of  P :  required  the  changes 
thence  arising  in  the  other  side  PX,  and  the  angle  KPX.  Thk  k  a 
yeiy  simple  and  easy  problem  of  spherical  geometry,  and  being  resdvedi 


COEBRCTIOin!  FOB  PBBCESSIOIT  AVD  NUTATION. 


ITT 


Fig.  47. 


it  giY9B  It  once  the  ndoekioiis  we  are  seekiog;  for  PX  being  the  polar 
distanoe  of  the  object^  and  the  angle  K  P  X  its  right  ascension  plus  90^, 
their  Tariatione  a<e  the  Ytity  qnantities  we  seek.  It  only  remains,  then, 
to  express  in  proper  form  the  amonnt  of  the  preoession  and  natation  in 
hmgitude  and  latUmdej  when  their  amount  in  right  aseension  and  declina- 
tion will  immediately  be  obtained. 

(826.)  The  preoession  in  latitude  is  lero,  since  the  latitudes  of  objects 
are  not  changed  by  it :  that  in  longitude  is  a  quantity  proportional  to  the 
time  at  the  rate  of  50^*10  per  annum.  With  regard  to  the  nutation  in 
hmgitude  and  latitude^  these  are  no  other  than  the  abscissa  and  ordinate 
of  the  little  ellipse  in  which  the  pole  moves.  The  law  of  its  motion, 
however,  therein,  cannot  be  understood  till  the  reader  has  been  made 
aocpiainted  with  the  principal  features  (rf  the  moon^s  Aotion  on  which  it 
'depends. 

(d2T.)  Another  consequence  of  what  has  been  shown  respecting  pre- 
cession and  nutation  is,  that  sidereal  Hme^  as  astronomers  use  it,  i.  e,  as 
redkoned  from  the  transit  of  the  equinoctial  point,  is  n^  a  mean  or  uni- 
finvidy  flowing  quantify,  being  affected  by  nutation;  and  moreover,  that 
jp  reckoned,  even  when  cleared  of  the  periodical  fluctuation  of  nutation, 
it  does  not  strictfy  conespond  to  the  earth's  diurnal  rotation.  As  the  sun 
loses  one  day  in  the  year  on  the  stars,  by  its  direct  motion  in  longitude ; 
so  the  equinox  gains  one  day  In  25,868  years  on  them  by  its  Tetrograda- 
turn*  We  ought,  therefevef  as  carefully  to  distinguish  between  mean  and 
apparent  sidereal  as  between  mean  and  apparent  solar  time. 

(828.)  Neither  precession  nor  nutation  changes  the  apparent  places  of 
cdestial  objects  inter  te.  We  see  them,  so  fior  aa  these  caases  go,  oi  Ikey 
12 
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are,  thongh  from  a  Btation  more  or  less  unstable;  as  we  see  distant  land 
objects  correctly  formed,  though  appearing  to  rise  and  fidl  when  viewed 
from  the  heaving  dfck  of  a  ship  in  the  act  of  pitching  and  rolling.  But 
there  is  an  optical  canse^  independent  of  refraction  or  of  perspective,  which 
displaces  them  one  among  the  others  and  causes  us  to  view  the  heavens 
under  an  aspect  always  to  a  certain  slight  extent  fidse;  and  whose  in- 
fluence must  be  estimated  and  allowed  for  before  we  can  obtaia  a  precise 
knowledgC'Of  the  place  of  any  object  This  cause  is  what  is  called  the 
aberration  of  light;  a  singular  and  surprising  effisct  arising  from  this,  that 
w«  occupy  a  station  not  at  rest  but  in  rapid  motion ;  and  that  the  apparent 
directions  of  the  rays  of  light  are  not  the  same  to  a  spectator  in  motion 
as  to  one  at  rest  As  the  estimation  of  its  effect  belongs  to  uranographyj 
we  must  explain  it  here,  though,  in  so  doing,  we  must  anticipate  some  of 
the  results  to  be  detailed  in  subsequent  chapters. 

(829.)  Suppose  a  shower  of  rain  to  ML  perpendicularly  in  a  dead  calm  j 
a  person  exposed  to  the  shower,  who  would  stond  quite  still  and  upright, 
would  receive  the  drops  on  his  hat,  which  would  thus  shelter  him,  but  if 
he  ran  forward  in  any  direction  they  would  strike  him  in  the  face.  The 
effect  would  be  the  same  as  if  he  remained  stall,  and  a  wind  should  arise 
of  the  same  velocity,  and  drift  them  against  him.    Suppose  a  ball  let  fUl 


from  a  point  A  above  a  horizontal  line  E  F,  and  that  at  B  were  placed  tc 
receive  it  the  open  mouth  of  an  inclined  hollow  tube  P  Q ;  if  the  tulx 
were  held  immoveable  the  ball  would  strike  on  its  lower  side,  but  if  the 
tube  were  carried  forward  in  the  direction  E  F,  with  a  velocity  properlj 
adjusted  at  every  instant  to  that  of  the  ball,  while  preserving  it^  inclina' 
tion  to  the  horizon,  so  that  when  the  ball  in  its  natural  descent  reached 
C,  the  tube  should  have  been  carried  into  the  position  R  S,  it  is  evident 
that  the  ball  would,  throughout  its  whole  descent,  be  found  in  the  axis  of 
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the  iabe )  and  a  spectator  referring  to  the  tube  the  motion  of  the  ball, 
and  carried  along  with  the  former,  uDconscioos  of  its  motion,  would  fancy 
that  the  ball  had  been  moving  in  the  inclined  direction  R  S  of  the  tube's 
axis. 

(380.)  Onr  eyes  and  telescopes  are  such  tubes.  In  whatever  manner 
we  ooQsider  light,  whether  as  an  advancing  wave  in  a  motionless  ether,  or 
a  shower  of  atoms  traversing  space,  (provided  that  in  both  cases  we  regard 
it  as  absolutely  incapable  of  suffering  resistance  or  corporeal  obstruction 
from  the  particles  of  transparent  media  traversed  by  it,')  if  in  the  interval 
between  the  rays  traversing  the  object  glass  of  the  one  or  the  cornea  ef 
the  other  (ai  which  moment  they  acquire  that  convergence  which  directs 
them  to  a  certain  pmnt  in  fixed  tpace)^  and  their  arrival  at  their  fooQS, 
the  erosi  wires  of  the  one  or  the  retina  of  the  other,  be  dipped  cuide,  the 
point  of  convergence  (which  remuns  unchanged)  will  no  longer  corres- 
pond to  the  intersection  of  the  wires  or  the  central  point  of  our  visual 
area.  The  objept  tiien  will  appear  displaced ;  and  ibe  amount  of  this 
displaoement  is  aherroHan. 

(831.)  The  earth  is  moving  through  space  with  a  velocity  of  about  19 
■lileB  per  seoond,  in  an  elliptic  path  round  the  sun,  and  is  therefore 
dianging  the  direction  of  its  motion  at  every  instant  Light  travels  with 
a  velocity  of  192,000  miles  per  second,  which,  although  mnch  greater  Uian 
that  of  the  earth,  is  yet  not  infinitely  90.  IHme  is  occupied  by  it  in 
traversing  any  space,  and  in  that  time  the  earth  describes  a  spaoe  which  is 
to  the  former  as  19  to  192,000,  or  as  the  tangent  of  20"-5  to  radius. 
Suppose  now  A  PS  to  represent  a  ray  of  light  from  a  star  at  A,  and  let 
the  tabe  PQ  be  that  of  a  telescope  so  inclined  forward  that  the  fdoos 
fijrmed  by  its  object-glass  shall  be  received  upon  its  cross  wire,  it  is 
evident  from  what  has  been  said,  that  the  inclination  of  the  tabe  must 
be  such  as  to  make  PS  :  SQ  : :  velocity  of  light:  velocity  of  die  earth  : : 
1  :  tao.  20''-5;  and,  therefore,  the  angle  SPQ,  or  PS  R,  by  which  the 
axis  of  the  telescope  must  deviate  from  the  true  direction  of  the  star, 
most  be  20"-5. 

(332.)  A  similar  reasoning  will  hold  good  when  the  direction  of  the 
earth's  motion  is  not  perpendicular  to  the  visual  ray.    If  S  B  be  the  true 

*  Tliit  eondition  it  indiipenMbla.  WiUioat  it  w«  Ml  into  tU  thoM  diiHeidtiM  which 
M.  Doppbr  has  to  w«U  pointed  oat  in  hit  papor  on  Aberration  (Abhandlunfen  der  k. 
boemifchen  Geaellechaft  der  Wieeenichaften.  Folge  V.  yoI.  iii.)*  If  light  itself,  or 
the  luminiferoafl  ether,  be  eorporeal,  the  condition  intieted  on  amoonti  to  a  formal  tor- 
render  of  the  dogma,  either  of  the  eztennon  or  of  the  impenetrabilitf  of  matter ;  at 
leaM  hi  the  aeaee  in  which  thoae  terms  have  been  hitherto  need  by  mctaphyaiciaaa. 
At  the  point  to  which  adence  ia  arrived,  probably  few  will  be  ibund  dispoeed  to  main- 
taio  eitbcr  the  one  or  the  other. 
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dkwtioii  of  the  Tisaal  taj,  and  A  0  the  positioii  in  whieb  the  teloaoope 
nqniret  to  be  held  in  the  apparent  direction^  we  bmisI  itfeill  hftve  the  pit^ 
portion  B  G  :  B  A  : :  TeVxnfy  of  light:  yelooity  of  the  earth  : :  nd.: 
eitie  of  20''*5  (fbr  in  nieh  small  angles  it  mattem  not  whether  we  nse  the 
SHMs  or  tangents).  Bat  we  haTe,  also,  by  tr^jonometiyy  BO  :  BA  :: 
aineof  BAG:  sroeof  AGB  or  GBD,  which  bst  is  the  apparent  dis- 
plaoenient  oaaaed  by  aberration.  Thns  it  appears  tiiat  the  sine  of  the 
aberration^  or  (sinoe  the  angle  is  extremely  small)  the  aberration  itself,  is 
ptoportaonal  to  the  sine  of  the  angb  arade  by  the  earth's  motion  in  space 
with  the  visual  ray,  and  is  therefore  a  mazimnm  whoi  the  line  of  sight  is 
perpendiealar  to  tiie  dinetion  of  the  earth's  motioo. 

(888.)  The  vnoogiaphioal  eflfect  of  aberrataon,  then,  is  to  distort  the 
aspect  of  the  hearess^  cansiDg  all  the  stars  to  erowd  as  it  were  direetly 
towards  that  point  in  the  heavens  which  is  the  vanishing  point  of  all  lines 
parallel  to  that  in  which  the  earth  is  for  the  time  moving.  As  the  earth 
moves  round  the  sun  in  the  plane  of  the  ecliptic,  this  point  must  lie  in 
that  plane,  90^  in  advance  of  the  earth's  longitade,  or  90^  behind  the 
san's,  and  shifis  of  course  continually,  describing  the  circumference  of  the 
ecliptic  in  a  year.  It  is  easy  to  demonstrate  that  the  effect  on  each  par- 
ticular star  will  be  to  make  it  apparently  describe  a  small  ellipse  in  the 
heavens,  having  for  its  centre  the  point  in  which  the  star  would  be  seen 
if  the  earth  were  at  rest. 

(334.)  Aberration  then  affects  the  apparent  right  ascensions  and  decli- 
nations of  all  the  stars,  and  that  by  quantities  easily  calculable.  The 
formulae  most  convenient  for  that  purpose,  and  which,  systematically 
embracing  at  the  same  time  the  correctious  for  precession  and  nutation, 
enable  the  observer,  with  the  utmost  readiness,  to  disencumber  his  obser- 
vations of  right  ascension  and  declination  of  their  influence,  have  been 
constructed  by  Prof.  Bessel,  and  tabulated  in  the  appendix  to  the  first 
volume  of  the  Transactions  of  the  Astronomical  Society,  where  they  will 
be  found  accompanied  with  an  extensive  catalogue  of  the  places,  for  1830, 
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of  the  prindpftl  fixed  $tun,  one  of  the  most  oflefol  and  best  anraaged  works 
of  the  kiad  which  has  ever  appeared. 

(335.)  When  the  body  from  which  the  visual  ray  emanates  is  itself  in 
modoD,  an  effect  arises  which  is  not  properly  speaking  aberration,  though 
it  is  usnailj  treated  under  that  head  in  astronomical  books,  and  indeed 
eonfounded  with  it^  to  the  production  of  some  confusion  in  the  mind  of 
the  student  The  effect  in  question  (which  is  independent  of  any  theo- 
fetieal  views  respecting  the  nature  of  light  *)  may  be  expkined  as  followa^ 
The  ray  by  which  we  see  any  object  is  not  that  which  it  emits  at  the 
moment  we  look  at  it,  but  that  whi(h  it  did  emit  some  time  before,  mo., 
ihe  time  oeeufned  by  light  in  traversing  the  interval  which  separatee  it 
from  us.  The  aberration  of  such  a  body  then  arising  from  the  earth's 
Telocity  must  be  applied  as  a  correction,  not  to  the  line  jcnning  the  earth's 
phee  at  the  moment  of  observation  with  that  occupied  by  the  body  ai  f^ 
•sme  mometUy  but  at  that  antecedent  instant  when  the  ray  quitted  it 
Henee  it  is  easy  to  derive  the  rule  given  by  astronomical  writen  for  the 
eMe  of  ft  Bioving  object  From  the  knonm  laws  of  iU  tnoHan  and  ike 
ear^'g,  caladate  «to  ofparenl  or  relative  emgtdar  moHon  in  the  time 
taken  by  Ughi  to  traverte  Us  duUance  from  the  earth.  This  u  the  Mai 
ammmi  of  tie  appareni  displacement.  Its  effect  is  to  displaoe  the  body 
Mieerved  in  a  direction  contrary  to  its  apparent  motion  in  the  heavens. 
And  it  is  a  compound  or  aggregate  effect  consistiBg  of  two  parts,  one  of 
which  b  the  aberration,  properly  so  called,  resulting  from  the  compodtioii 
of  the  earth's  motion  with  that  of  light,  the  other  being  what  is  not 
isaptlj  termed  the  Equation  of  lightj  being  the  allowance  to  be  made  for 
the  time  oeonpied  by  the  light  in  traverrang  a  wiable  space. 

(836.)  The  complete  ReductioUf  as  it  is  called,  of  an  astronomical 
observation  consists  in  applying  to  the  place  of  the  observed  heavenly 
body  as  read  off  on  the  instruments  (supposed  perfeot  and  in  perfect 
adjustment)  five  distinct  and  independent  corrections,  viz.  those  for 
refraction,  parallax,  aberration,  precession,  and  nutation.  Of  these  the 
eorrectioii  for  refraction  enables  us  to  declare  what  would  have  been  the 

'  The  raMilla  of  the  imdulttory  and  oorpascaUr  ibeoriaa  of  light,  in  the  matter  of 
ibenmtion  aro.  in  the  main,  the  aame.  We  say  m  the  eiaui.  There  is,  however,  a 
Bunnte  difference  even  of  numerical  resulta.  In  the  undulatory  dootrine,  the  propa- 
gation of  light  takes  place  with  equal  velocity  in  all  directions,  whether  the  luminary 
be  at  reat  or  in  motion.  In  the  corpuscular,  with  an  ezcesi  of  velocity  in  the  diree- 
tioo  of  the  motion  over  that  in  the  contrary  equal  to  twioe  the  velocity  of  the  body's 
■oooB.  In  the  eases,  then,  of  a  body  moving  with  equal  velocity  direetly  to  and  direct- 
ly from  the  earth,  the  aberratien  will  be  alike  on  the  undulatory,  but  different  on  the 
oorposeolar  hypothesis.  The  utmost  difference  which  can  arise  from  this  cause  in  our 
iptem  eamiot  amoant  to  above  sfat  thousandths  of  a  second. 
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observed  place,  were  there  no  atmosphere  to  displace  it.  Thot  for  paral- 
lax enables  us  to  sn;  from  lU  plac«  observed  at  the  sar&ce  of  the  earth, 
where  it  would  have  been  Been  if  observed  from  the  centre.  That  (or 
sbeiraCion,  where  it  would  have  been  oheervod  from  a  moUonlcEa,  instead 
of  B  moving  alation :  while  the  correctJoas  for  precession  and  nutation 
refer  it  to  fixed  and  determinate  instead  of  conatantly  varying  celestial 
circles.  The  great  importance  of  tliese  corrections,  which  pervade  all 
astronomy,  ud  have  to  bo  applied  to  every  obserration  before  it  can  be 
employed  for  any  practical  or  theoretical  purpose,  renders  thb  recapitula- 
tion fkr  from  guperfiuous. 

(337-)  Refraction  bos  been  already  sufficiently  eiphuned,  Art.  40,  and 
it  is  only,  therefore,  oeocssery  here  to  add  that  in  its  use  as  an  astronomi- 
cal correction  its  amount  must  bo  applied  in  a  contrary  sense  to  that  in 
which  it  affects  the  observation;  a  rem-irk  equally  applicable  to  all  other 
corrections,  i^' 

(338.)  The  general  nature  of  parallax  or  rather  of  parallactic  motion 
has  also  been  explained  in  Art.  80.  But  parallax  in  the  uranographlcal 
sense  of  the  word  has  a  more  technical  meaning.  It  U  understood  to 
eiprcBB  that  optical  displacement  of  a  body  observed  which  is  due  to  iti 
being  observed,  not  from  that  point  which  we  have  Sied  upon  as  a  oon- 
ventional  central  station  (from  which  we  conceive  the  apparent  luotion 
would  be  more  simple  in  its  laws,)  but  from  some  other  station  remote 
from  such  conventional  centre:  not  from  the  centre  of  the  earth,  for 
inatanoe,  but  from  its  sur&oe :  not  from  the  oentra  of  the  enn  (which,  m 
we  shall  hereaAer  see,  is  for  some  purposes  a  prefsrable  amventiooal 
station),  hut  from  that  of  the  earth.  la  the  former  case  this  c^tioal  d» 
placement  is  called  the  divntal  or  geooentrio  parallax ;  in  the  latter  tbe 
OMtttiaJ  or  heliooenlric  In  either  ease  parallax  is  the  correctibw  to  ba 
applied  te  the  apparent  place  of  the  heavenly  body,  as  actoally  seen  tiom 
the  station  of  obserration,  to  reduce  it  to  its  place  u  it  wonU  luTe  been 
Been  at  that  instant  from  the  conventional  station. 

(8S9.)  Tbe  diomal  or  geocentrio  parallax  at  any  plaoe  of  tbe  earth'a 
sarhoe  is  easily  Galon)aled  if  we  know  the  distance  of  tho  body,  atid,  vibe 
vend,  if  we  hnow  the  dinmal  parallax  that  distanoe  may  be  cdonlated. 
For  supposing  S  the  object,  C  the  centre  of  the  earth,  A  the  station  ef 
obeervation  at  ita  ntrfiu»,  and  C  A  Z  tbe  direction  of  a  perpendicular  to 
the  sarfKe  at  A,  then  will  the  object  be  seen  from  A  in  the  diieotion  A 
S,  and  ita  apparent  leuith  distance  will  be  Z  A  S ;  whereas,  if  seen  frnm 
ibe  centre,  it  will  appear  in  the  direction  C  S,  with  an  angular  distance 
from  thennitbof  AeqoaltoZ  C  8;  so  that  Z  A  S  — Z  C  S  or  A  8  C 
ia  tbe  paraUax.    Now  linoe  hj  trignometiy  OS:OA::nnCAS 
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=  rin  Z  A  S  :  ria  A  S  C,  it  follows  that  the  rine  of  the  parallax 
Bading  of  earth  |^  •    ^  *  a 

Bistaiioe  dTbodj  ^ 

(840.)  The  diarnal  or  geocentric  parallax,  therefore,  at  a  given  place, 
■nd  tor  a  given  distance  of  the  body  observed,  is  proportional  to  the  sine 
of  i&  apparent  lenith  distance,  and  is,  therefore,  the  greatest  when  the 
body  18  observed  in  the  act  of  rising  or  setting,  in  which  case  its  parallax 
is  ealled  its  harizontai  parallax,  so  that  at  any  other  zenith  distance, 
panllax  =  horiiontal  parallax  X  sine  of  apparent  zenith  distance,  and 
rinoe  A  C  S  is  always  less  than  Z  A  S  it  appears  that  the  application  of 
the  reduction  or  correction  for  parallax  always  acts  in  diminution  of  the 
apparent  zenith  distance  or  increase  of  the  apparent  altitude  or  distance 
from  the  Nadir,  t.  e,  in  a  contrary  sense  to  that  for  refraction. 

(841.)  In  precisely  the  same  manner  as  the  geocentric  or  diurnal 
panllax  refers  Itself  to  the  zenith  of  the  observer  for  its  direction  and 
quantitative  rule,  so  the  heliocentric  or  annual  parallax  refers  itself  for  its 
hiw  to  the  point  in  the  heavens  diametrically  opposite  to  the  place  of  the 
mm  as  seen  from  the  earth.  Applied  as  a  correction,  its  efiect  takes  place 
in  A  plane  pasnng  through  the  sun,  the  earth,  and  the  observed  body. 
Iti  effect  is  always  to  decrease  its  observed  distance  from  that  point  or  to 
increase  its  angular  distance  from  the  sun.  And  its  sine  is  given  by  the 
relation.  Distance  of  the  observed  body  from  the  sun  :  distance  of  the 
earth  from  the  sun  : :  sine  of  apparent  angular  distance  of  the  body  frt>m 
the  sun  (or  its  apparent  elongation)  :  sine  of  heliocentric  parallax.' 

'  This  ftccoant  of  the  Uw  of  heliocentric  paimllax  ie  in  antidpetion  of  what  follows  in 
a  mbeequent  cbapieri  and  will  be  better  ondentood  by  the  ttndent  when  iomewhat 
iartber  advanoed. 


OUTLINES   or  ABTSOirOWT. 

Dn  a  sunimftry  view  of  the  whole  of  the  uraoographical  eo^«^ 
divide  Ihemselves  into  two  clones,  those  nhioh  do,  and  them 

rho  former  are  nW,  the  latter  technical  corrections.     The  tmI 
are  refraction,  aberration  and  parallax.     The  lecholcal  are  pM- 
.  nutation,  unless,  indeed,  ve  choose  to  consider  parallax  aa  i 
orrectioQ  introduced  with  a  view  to  aimpliScation  by  a  better 
lur  point  of  flight. 

)f  their  law,  common  to  them  all,  which  the  student  of  pnc- 
lomy  will  do  well  to  fls  in  hia  memory,     Tkr^f  all  refer  than- 
rfinilc  optxm  or  j^nU  of  convrt/tvce  in   the  ejihere.     Thm, 
n  its  apparent  effect  causes  all  celestial  objects  to  draw  tc^lber 
;e  towards  the  xeuith  of  the   observer:  geocentric    par^Ui, 
B  Nadir;  heliocentric,  lowarda  the  place  of  iho  sun  in  the 
.bcrration  towards  that  point  in  the  celestial  sphere  which  is 
ing  point  of  all  lines  parallel  to  the  direction  of  the  eaith'f 
he  moment,  or  (as  will  be  hereafter  esptained)  towards  a  pmnt 
t  circle  called  the  ecliptic,  i)0=  behind  the  sun's  place  in  tbal 
hen  applied  as  corrections  to  au  observation,  these  dtrectioas 
■Be  to  be  reversed. 
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CHAPTER  VI. 
OP    THE    sun's    motion. 

ATPABXNT  MOTION  OT  THE  BUN  NOT  UNIFORM.  ^  ITS  APPARENT 
^  IHAMETSB  ALSO  TARIABLE.  —  YARIATTDN  OF  ITS  DISTANCE  CON- 
OLI7DED.  —  ITS  APPARENT  ORBIT  AN  ELLIPSE  ABOUT  THE  FOCUS. 
—  LAW  OF^THE  ANGULAR  VELOCITY. -r- EQUABLE  DESCRIPTION  OF 
AREAS.-— PARALLAX  OF  THE  SUN.  —  ITS  DISTANCE  AND  MAGNI- 
TUDE.—  OOFERNIOAN  EXPLANATION  OF  THE  SUN's  APPARENT 
MOnON.— PARALLELISM  OF  THE  EARTH'S  AXIS. — THE  SEASONS. 
'•^mULT  RBGEITBD  FROM  THE  SUN  IN  DIFFKIENT  PARTS  OF  THE 
OBBIT.  — MEAN  AND  TRUE  LONGITUDES  OF  THE  SUN. — EQUATION 
or  THE  OBNTRE.-*^DEREAL,  TROPICAL,  AND  ANOMALISTIC  TEARS. 
•— PHTfllOAL  CONSTITUTION   OF  THE   SUN. — ITS   SPOTS.  —  FACULS. 

PROBABLE  NATURE  AND  CAUSE   OF  THE    SPOTS.  —  ATMOSPHERE 

or  THE  SUN.— -ITS  SUPPOSED  CLOUDS. — TEMPERATURE  AT  ITS 
SUBFAOB.  — ITS  EXPENDITURE  OF  HEAT.  —  TERRESTRIAL  EFFECTS 
or  SOLAR  RADIATION. 

(M&)  bf  tiis  for^^g  ehapten,  it  has  been  shown  that  the  apparent 
path  of  the  tno  is  a  great  circle  of  the  sphere,  which  it  performs  in  a 
period  of  one  sidereal  year.  From  this  it  follows,  that  the  line  joining 
the  earth  and  snn  lies  coDstantlj  in  one  plane;  and  that,  therefore, 
whatever  be  the  real  motion  from  which  this  apparent  motion  arises,  it 
most  be  confined  to  one  plane,  which  is  called  the  plane  of  the  ecliptic, 

(847.)  We  hare  already  seen  (art  146)  that  the  snn's  motion  in  right 
aaoension  among  the  stars  is  not  uniform.  This  is  partly  accounted  for 
by  the  obliquity  of  the  ecliptic,  in  consequence  of  which  equal  variations 
in  longitude  do  not  correspond  to  equal  changes  of  right  ascension.  But 
if  we  observe  the  place  of  the  sun  daily  throughout  the  year,  by  the 
transit  and  circle,  and  from  these  calculate  the  longitude  for  each  day,  it 
still  be  fbuud  that,  even  in  its  own  proper  path,  its  apparent  angular 
is  fur  firam  uniform.  The  chflnge  of  longitude  in  twenty-four 
mean  solar  hours  averaga  0^  59'  8''*83 ;  bat  about  the  8lBt  of  I)eoem- 
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ber  it  amcmnts  to  1"^  1'  »"-9,  and  tboat  tha  ht  of  Jilj  k  onlj  O''  67' 
ir'*5.  Such  are  the  eztvraie  limita^  wd  look  the  aeia  value  of  the 
ami'a  apparent  aognlar  Telod^  in  ita  annual  oribtt 

(848.)  Thia  Tariation  of  ita  angnlar  Tehmtf  la  aeaoBupanieil  vilk  a 
eorreaponding  change  of  ita  diatanee  ftom  na.  The  ehaaga  of  diatnee  ia 
reeogoiied  by  a  yariation  ofaaerved  to  take  plaee  in  ila  appneat 
when  meaanred  at  diSirent  aeaaona  of  the  year,  widi  an 
adapted  for  that  parpoaOi  oalled  the  kdiomeierf^  or,  by  oaleolating  from 
the  time  which  ita  diae  takea  to  trarerM  the  SMiidiBa  in  the  Innaft 
inafcrnment  The  gnateat  i^>parent  diameter  coneaponda  to  the  lat  of 
December,  or  to  the  greateat  angohr  velocity,  and  a^aaaiuia  SS*  W4t^ 
the  leaat  ia  iV  8r'-0;  and  eomaponda  to  the  lat  of  Jnly;-  at  vhi%: 
epocha,  aa  we  have  aeeni  the  angolar  motioQ  ia  alao  at  ila  aiUeiie  liait 
way.  Now,  aa  we  caiyiot  aappoae  the  aon  to  altar  ita  lial  aha 
r,  the  obaerved  dhaaga  of  ita  i^>parent  rise  oaa  only  mm  ftqai: 
aa  aotnal  diange  of  diatanee.  And  the  aineaortaagentaot  aaehaawll 
ana  being  proportioDal  to  the  aroa  themaelfea, ita  diataaeeaftoai «%.at 
the  above-named  epoch,  mnat  be  in  the  invenw  propoHhm  of  the  appaiaal 
diametera.  It  appeaiBi  therefine,  that  the  graaieati  the  aieaa«  and  the 
leaat  diataacea  of  the  ana  fircmi  aa  are  ia  the  raqMCtive  propottiona  of  the 
aambera  1-01679, 1.00000,  aad  0-98821 ;  aad  that  Ua  qipaieat  angokc 
velocity  diminiahea  aa  the  diatanee  inereaaea,  and  vice  vetsA 

(849.)  It  follows  from  this,  that  the  real  orbit  of  the  ann,  aa  referred 
to  the  earth  supposed  at  rest,  is  not  a  circle  with  the  earth  in  the  centre. 
The  situation  of  the  earth  within  it  is  excentric,  the  excenirtcUjf  amount- 
ing to  0*01679  of  the  mean  distance,  which  may  be  regarded  aa  our  unit 
of  measure  in  this  inquiry.  But  besides  this,  the  form  of  the  orbit  ia 
not  circular,  but  elliptic.  If  from  any  point  0,  taken  to  repreaent  the 
earth,  we  draw  a  line,  0  A,  in  some  fixed  direction,  from  which  we  then 


act  off  a  series  of  angles,  A  0  B,  A  0  C,  &c.  equal  to  the  observed  longi- ' 
tudes  of  the  sun  throughout  the  year,  and  in  these  respective  directiona 
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off  fimn  O  the  distanees  O  A,  0  B,  0  C,  &o.  representiDg  the 
diitiiieee  dedaeed  from  the  obeerved  diameter,  and  then  oonneot  all  the 
oftremitiea  A,  B,  C,  &c.  of  these  lines  by  a  continuous  curve^  it  is  eyident 
lliii  will  be  a  eonrect  lepresentation  of  the  relative  orbit  of  the  sun  about 
the  eaiih.  Now,  when  this  is  done,  a  deviation  firom  the  circular  figure 
ji  the  resolkiog  ewe  beoomes  apparent;  it  is  found  to  be  evidentlj  longer 
tka  H  18  broad — that  is  to  say,  elliptic,  and  the  point  O  to  occupy,  not 
the  eemirej  but  one  of  the  foci  of  the  ellipse.  The  graphical  process  here 
(kKiibed  is  eoffioient  to  point  out  the  general  figure  of  the  curve  in  ques- 
tkm;  bat  for  the  purposes  of  exact  verification,  it  is  necessary  to  recur  to 
fl>e  properties  of  the  ellipse,'  and  to  express  the  distance  of  any  one  of 
ito  points  in  terms  of  the  angular  situation  of  that  point  with  respect  to 
the  longer  asds,  or  diameter  of  the  ellipse.  This,  however,  is  readily 
doM ;  and  when  nnmerically  calculated,  on  the  supposition  of  the  exoen- 
trieity,  beiqg  soeh  as  above  stated^  a  perfect  coinddence  is  found  to 
sdbnst  between  the  distances  thus  compute,  and  those  derived  from  the 
miasoiemeni  of  the  apparent  diameter. 

(850.)  The  mean  distance  of  the  earth  and  sun  being  taken  for  unity, 
the  extremes  are  101679  and  0*98321.  But  if  we  compare,  in  like 
mmner,  the  mean  or  average  angular  velocity  with  the  extremes,  greatest 
isd  least,  we  shall  find  these  to  be  in  the  proportions  of  1*03886, 1*00000, 
isd  0-96670.  The  variation  of  the  sun's  angular  velocity ^  then,  is  much 
greater  in  proportion  than  that  of  its  distance  —  fully  twice  as  great;  and 
'd  we  examine  its  numerical  expressions  at  difierent  periods,  comparing 
them  with  the  mean  value,  and  also  with  the  corresponding  distances,  it 
will  be  found,  &at,  by  whatever  fraction  of  its  mean  value  the  distance 
eieeeds  the  mean,  the  angular  velocity  will  fall  short  of  its  mean  or  ave- 
nge quantity  by  very  nearly  ttoice  as  great  a  fraction  of  the  latter,  and 
vice  vend.  Hence  we  are  led  to  conclude  that  the  angular  velocity  is  in 
the  inverse  proportion,  not  of  the  distance  simply,  but  of  its  square;  so 
that,  to  compare  the  diuly  motion  in  longitude  of  the  sun,  at  one  point, 
A,  of  its  path,  with  that  at  B,  we  must  state  the  proportion  thus :  — 

0  B*  :  O  A'  : :  daily  motion  at  A  :  daily  motion  at  B.  And  this  is 
fimnd  to  be  exaoUy  verified  in  every  part  of  the  orbit. 

(351.)  Hence  we  deduce  another  remarkable  conclusion  —  viz.  that  if 
the  sun  be  supposed  really  to  move  around  the  circumference  of  this 
ellipse,  its  actual  speed  cannot  be  uniform,  but  must  be  greatest  at  its 
least  distance  and  less  at  its  greatest.     For,  were  it  uniform,  the  apparent 

'  8m  Come  SeetioM,  by  the  Rev.  H.  P.  Haroiltoni  or  any  other  of  the  very 
works  CO  this  tubject. 
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auae  the  same  linear  change  of  place,  being  produced  in  6» 
at  different  diabtnoca  from  the  eye,  must,  by  tbo  Uwa  of  p» 
irrenpond  to  apparent  angular  diBplacementg  inversely  hs  ttuM 
Since,  then,  observation  indicatex  a  more  rapid  law  of  Tiri». 
angular  velocities,  it  ia  evident  that  mere  change  of  distaon^ 
nied  with  a  change  of  actual  speed,  ia  ineufficient  lo  account  fof 
lat  the  increased  proximity  of  the  sun  to  the  earth  must  be 
ad  with  an  actual  increase  of  ita  real  velocity  of  motion  alon; 

Ibis  elliptic  form  of  the  sun's  path,  the  eiccntric  pmitioD  of 
within  it,  and  the  unequal  Bpeed  with  which  it  is   nctuallj 
ly  the  sun  itaelf,  ail  tend  to  render  the  calculation  of  its  longi- 
theory  (i.  e.  fivm  a  knowledge  of  the  causes  and  naliire  of  iH 
fficult;  and  indeed  impossible,  bo  loDg  as  tbe  lau;  of  its  actual 

It  does  not  come  forward,  as  it  were,  and  present  itself  at  od«, 
Uiptic  form  of  the  orbit,  by  a  direct  comparison  of  angles  and 
but  requires  an  attentive  consideration  of  the  whole  scrita  of 
IS  registered  during  an  entire  period.     It  was  not,  therefore, 
uch  painful  and  laborious  calculation,  that  it  was  diacovered  by 
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18  0*0167Q|  in  ptrto  ot  a  unit  equd  to  the  mean  tUatanee,  or  haif  the 
longer  diameter  qf  the  eUipte;  %.  e,  about  one  sixtieth  part  of  that  semi- 
diameter;  aod  the  motion  of  the  son  in  its  ciroamfeienoe  is  so  regulated, 
that  equal  areas  of  the  elUpse  are  passed  af«r  by  the  radios  yeetor  in 
equal  times. 

(355.)  What  we  have  here  stated  supposes  no  knowledge  <^  the  6un's 
actual  distance  fron  the  earth,  nor,  eonsequentlj,  of  the  actual  dimcD- 
aions  of  its  crfaiti  nor  of  the  body  of  the  son  itself.  To  oome  to  any 
conclusions  on  these  pointsi  we  must  first  consider  by  what  means  we  can 
arrive  at  any  knowledge  of  the  distance  of  an  object  to  which  we  have  no 
aoceas.  Now,  it  is  obvious,  that  its  parallax  alone  can  afiurd  tis  any  in- 
fimnation  on  thia  subject  Suppoae  P  A  B  Q  to  represent  the  earth,  C 
its  centre^  and  8  the  sun,  and  A,  B  two  situations  of  a  q>ectator,  or, 
which  comes  to  the  same  thing,  the  stations  of  two  spectators,  both  ob- 
servingihe  son  8  at  the  same  instant  The  spectator  A  will  see  it  in  the 
direction  A  8  o^  and  will  refer  it  to  a  point  a  in  the  infinitely  distant 
sphere  of  the  stars,  while  the  spectator  B  will  see  it  in  the  direction  B  85, 
and  refer  it  to  h.    The  angle  included  between  these  directions,  or  the 


Fig.  62. 


measure  at  the  eehatial  arc  a  &,  by  which  it  is  ditpheed^  is  equal  to  the 
ai^gle  A 8  B;  and  if  this  an|^  be  known,  and  the  local  situations  of  A 
and  B,  with  the  part  of  the  earth's  surfiice  A  B  included  between  them, 
it  is  evident  that  the  distance  G  8  may  be  calculated.  Now,  rince  ASO 
(art.  839)  is  the  parallax  of  the  sun  as  seen  from  A,  and'  B  8  C  as  seen 
from  B,  the  angle  A8B,  or  the  total  apparent  displacement  is  the  sum 
of  the  two  pBrrilfurm  8oppc8e9  then,  two  observers— one  in  the 
northein,  the  other  in  the  southern  hemisphere— -at  stations  on  the  same 
meridian,  to  observe  on  the  same  day  the  meridian  altitudes  of  the  sun's 
centre.  Having  theaoe  derived  the  apparent  lenith  distances,  and  cleared 
them  of  the  efieota  gf  zefraotioD,  if  the  distance  cf  the  sun  were  equal 
to  that  of  the  fixed  stan^  the  sum  of  the  »nith  distances  thus  found 
wooM  be  precisely  equal  to  the  sum  of  the  latitudes  north  and  south  of 
the  pkcea  of  obeervation.    Far  the  sum  in  qnestion  would  then  be  equal 
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to  the  QDgle  ZCX,  wbich  is  the  meridional  distanee  of  Che  atatioiii 
across  the  equator.  But  the  e£fect  of  parallax  beiog  in  both  caaes  to  in- 
crease the  apparent  xcnith  distances,  their  observed  snm  will  be  greater 
than  the  sum  of  the  latitudes,  by  the  sum  of  the  two  parallaxes,  or  by  ths 
angle  A  S  B.  This  angle,  then,  is  obtained  by  snbdnoting  ihe  sam  of 
the  north  and  south  latitudes  from  that  of  the  lenith  distances ;  and  thii 
once  determined,  the  horizontal  parallax  is  easily  found,  by  dividing  the 
angle  so  determined  by  the  sum  of  the  sines  of  the  two  latitudes. 

(356.)  If  the  two  stations  be  not  exactly  on  the  aame  meridian  (a  con- 
dition very  difficult  to  fulfil),  the  same  process  will  apply,  if  we  take  care 
to  allow  for  the  change  of  the  sun's  actual  zenith  distance  in  the  interval 
of  time  elapsing  between  its  arrival  on  the  meridians  of  the  stations.  This 
change  is  readily  ascertained,  either  from  tables  of  the  son's  motioD| 
grounded  on  the  experience  of  a  long  course  of  observations,  Cft  by  actual 
observation  of  its  meridional  altitude  on  several  days  before  and  after  thai 
on  which  the  observations  for  parallax  are  taken.  Of  course,  the  neansr 
the  stations  are  to  each  other  in  longitude,  the  less  is  this  interval  of  time, 
and,  consequently,  the  smaller  the  amount  of  this  correction ;  and,  there- 
fore, the  less  injurious  to  the  accuracy  of  the  final  result  is  any  uncertainty 
in  the  daily  change  of  zenith  distance  which  may  arise  from  imperfection 
in  the  solar  tables,  or  in  the  observations  made  to  determine  it 

(357.)  The  horizontal  parallax  of  the  sun  has  been  6onoluded  from 
observations  of  the  nature  above  described,  performed  in  stations  the  most 
remote  from  each  other  in  latitude,  at  which  observatories  have  been  in- 
stituted. It  has  also  been  deduced  from  other  methods  of  a  more  refined 
nature,  and  susceptible  of  much  greater  exactness,  to  be  hereafter  de- 
scribed. Its  amount  so  obtaiucd,  is  about  8"*6.  Minute  as  this  quan- 
tity is,  there  can  be  no  doubt  that  it  is  a  tolerably  correct  approximation 
to  the  truth ;  and  in  conformity  with  it,  we  must  admit  the  sun  to  be 
situated  at  a  mean  distance  from  us,  of  no  less  than  23984  times  the 
length  of  the  earth's  radius,  or  about  95000000  miles. 

(358.)  That'at  so  vast  a  distance  the  sun  should  appear  to  us  of  the 
size  it  docs,  and  should  so  powerfully  iuflucnce  our  condition  by  its  heat 
and  light,  requires  us  to  form  a  very  grand  conception  of  its  actual  mag- 
nitude, and  of  the  scale  on  wbich  those  important  processes  are  carried  on 
within  it,  by  which  it  is  enabled  to  keep  up  its  liberal  and  unceasing 
supply  of  these  elements.  As  to  its  actual  magnitude  we  can  be  at  no 
loss,  knowing  its  distance,  and  the  angles  under  which  its  diameter  appears 
to  us.  An  object,  placed  at  the  distance  of  95000000  miles,  and  sub- 
tending an  angle  of  32'  3",  roust  have  a  real  diameter  of  882000  miles. 
Such,  then,  is  the  diameter  of  this  stupendous  globe.     If  we  compare  it 
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whtt  we  haTe  already  ascertiuDed  of  the  dimensioDS  of  our  own,  we 
shall  find  that  in  linear  magnitude  it  exceeds  the  earth  in  the  proportion 
111^  to  1,  and  in  bulk  in  that  of  1884472  to  1. 

(859.)  It  18  hardly  possible  to  avoid  associating  our  conception  of  an 
object  of  definite  globular  figure,  and  of  such  enormous  dimensions,  with 
some  corresponding  attribute  of  massiveness  and  material  solidity.  That 
the  snn  is  not  a  mere  phantom,  but  a  body  having  its  own  peculiar  struc- 
ture and  economy,  our  telescopes  distinctly  inform  us.  They  show  us 
dsik  spots  on  its  sur&ce,  which  slowly  change  their  places  and  forms,  and 
bj  attending  to  whose  situation,  at  different  times,  astronomers  have  ascer* 
tuned  that  the  sun  revolves  about  an  axis  nearly  perpendicular  to  the 
phne  of  the  ecliptie,  performing  one  rotation  in  a  period  of  about  25  days, 
mud  ID  the  same  direction  with  the  diurnal  rotation  of  the  earth,  i.  e,  from 
irest  to  easi  Here,  then,  we  have  an  analogy  with  our  own  globe ;  the 
slower  and  more  majestic  movement  only  corresponding  with  the  greater 
dimensions  of  the  machinery,  and  impressing  us  with  the  prevalence  of 
vnnilar  mechanical  laws,  and  of,  at  least,  such  a  community  of  nature  as 
the  existence  of  inertia  and  obedience  to  force  may  argue.  Now,  in  the 
exact  proportion  in  which  we  invest  our  idea  of  this  immense  bulk  with 
the  attribute  of  inertia,  or  weight,  it  becomes  difficult  to  conceive  its  circu- 
lation round  so  comparatively  small  a  body  as  the  earth,  without,  on  the 
one  hand,  dragging  it  along,  and  displacing  it,  if  bound  to  it  by  some  in- . 
visible  tie;  or,  on  the  other  hand,  if  not  so  held  to  it,  pursuing  its  course 
alone  in  space,  and  leaving  the  earth  behind.  If  we  connect  two  solid 
masses  by  a  rod,  and  fling  them  aloft,  we  see  them  circulate  about  a  point 
between  them,  which  is  their  common  centre  of  gravity ;  but  if  one  of 
them  be  greatly  more  ponderous  than  the  other,  this  common  centre  will 
be  proportionally  nearer  to  that  one,  and  even  within  its  surface ;  so  that 
the  smaller  one  will  circulate,  in  fact,  about  the  hu^r,  which  will  be  com- 
paratively but  little  disturbed  from  its  place. 

(860.)  Whether  the  earth  move  round  the  sun,  the  sun  round  the 
earth,  or  both  round  their  common  centre  of  gravity,  will  make  no  dif- 
ference, so  far  as  appearances  are  concerned,  provided  the  stars  be  sup- 
posed sufficiently  distant  to  undergo  no  sensible  apparent  paralUicUc 
displacement  by  the  motion  so  attributed  to  the  earth.  Whether  they  are 
so  or  not  must  still  be  a  matter  of  inquiry ;  and  from  the  absence  of  any 
measurable  amount  of  such  displacement^  we  can  conclude  nothing  but 
this,  that  the  scale  of  the  sidereal  universe  is  so  great,  that  the  mutual 
orbit  of  the  earth  and  sun  may  be  legarded  as  an  imperceptible  point  in 
eomparison  with  the  distance  of  its  nearest  members.  Admitting,  then, 
in  conformity  with  the  laws  of  dynamies,  that  two  bodies  connected  with 
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liDg  aboat  eftcb  other  in  free  ^oce  do,  io  fiut,  leTolve  aboat  tlicii 

IcDtrc  of  gra?itf,  which  reraaios  immoveable  by  tbeir  tnahtii 

ccoiQcs  a  matter  of  further  inquiry,  wl'j-.reabouU  between  then 

\i  situated.     MechuoioB  teacb  ua  that  its  place  will  diride  tli^c 

stance   in   the  inveree  ratio  of  their  vfightt  or  tnasaet;'  and 

s  grounded  on  pbcDomeDa,  of  which  an  acoouot  will  be  pveo 

inform  ua  that  this  ratio,  iu  the  case  of  the  boq  and  eanh,  ii 

at  of  3o49S6  to  1, — the  buu  being,  ia  tiiot  proportion,  toon 

I  than  the  earth.     From  this  it  will  follow  that  the  common  poiat 

■h  they  both  circulate  is  only  2tiT  miles  from  the  auo'e  oenln^ 

igtb  part  of  iu  own  diameter. 

I  Henceforward,  then,  in  conformity  with  tlie  above  statenuot^ 

Ihe  Copcraican  view  of  our  system,  wo  must  Icam  to  look  npM 

1  the  comparatively  motionless  ceotre  about  which  the  earth  per- 

Innual  cUipdc  orbit  of  the  dimensions  and  eicentricity,  and  wib 

I  regulated  according  to  the  law  above  aligned ;  (bo  sub  oceo- 

f  the  foci  of  the  ellipse,  and  from  that  ataiioD  quietly  diaaenn- 

II  sides  its  light  and  heat^  while  the  earth  travolling  ronnil  it, 

itJDg  itself  differoutly  to  it  at  different  times  of  the  year  ud 

i  of  day  and  night,  summer  and  winter, 
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(863.)  Let,  then,  S  represeDt  the  sun,  and  A,  B,  C,  D,  foar  positions 
of  the  earth  in  its  orbit  90^  apart,  viz.  A  that  which  it  has  on  the  2l8t 
of  March,  or  at  the  time  of  the  vernal  equinox ;  B  that  of  the  2l8t  of 
Jane,  or  the  summer  solstice ;  C  that  of  the  21st  of  September,  or  the 
aatomnal  equinox;  and  D  that  of  the  21st  of  December,  or  the  winter 
•olstice.  In  each  of  these  positions  let  PQ  represent  the  axis  of  the 
earth,  about  which  its  diurnal  rotation  is  performed  without  interfering 
with  its  annual  motion  in  its  orbit  Then,  since  the  sun  can  only  en- 
lighten one  half  of  the  sur&oe  at  once,  viz.  that  turned  towards  it,  the 
shaded  portions  of  the  globe  in  its  several  positions  will  represent  the 
dark,  and  the  bright,  the  enlightened  halves  of  the  earth's  surface  in  these 
positions.  Now,  Ist,  in  the  position  A,  the  sun  is  verticallj  over  the 
intersection  of  the  equinoctial  F  £  and  the  ecliptic  H  G.  It  is,  therefore, 
m  Uie  equinox ;  and  in  this  position  the  poles  P  Q,  both  &11  on  the  ex- 
treme confines  of  the  enlightened  side.  In  this  position,  therefore,  it  is 
day  over  half  the  northern  and  half  the  southern  hemisphere  at  once ; 
and  as  the  earth  revolves  on  its  axis,  every  point  of  its  surface  describes 
half  its  diurnal  course  in  light,  and  half  in  darkness ;  in  other  words,  the 
duration  of  day  and  night  is  here  equal  over  the  whole  globe :  hence  the 
term  equinox.  The  same  holds  good  at  the  autumnal  equinox  on  the 
position  C. 

(364.)  B  is  the  position  of  the  earth  at  the  time  of  the  northern 
$ttmmer  solstice.  Here  the  north  pole  P,  and  a  considerable  portion  of 
the  earth's  surface  in  its  neighbourhood,  as  &r  as  B,  are  situated  wiihtn 
the  enlightened  half.  As  the  earth  turns  on  its  axis  in  this  position, 
therefore,  the  whole  of  that  part  remains  constantly  enlightened ;  there- ' 
fore,  at  this  point  of  its  orbit,  or  at  this  season  of  the  year,  it  is  continual 
day  at  the  north  pole,  and  in  all  that  region  of  the  earth  which  encircles 
this  pole  as  far  as  B — that  is,  to  the  distance  of  23^  28'  from  the  pole, 
or  within  what  is  called  in  geography,  the  arctic  circle.  On  the  other 
hand,  the  opposite  or  south  pole  Q,  with  all  the  region  comprised  within 
the  antarctic  circle,  as  far  as  23^  28'  from  the  south  pole,  are  immersed 
at  this  season  in  darkness  during  the  entire  diurnal  rotation,  so  that  it  is 
here  continual  night 

(365.)  With  regard  to  that  portion  of  the  sur&ce  comprehended 

between  the  arctic  and  antarctic  circles,  it  is  no  less  evident  that  the 

nearer  any  point  is  to  the  north  pole,  the  larger  will  bo  the  portion  of 

its  diurnal  course  comprised  within  the  bright,  and  the  smaller  within 

the  dark  hemisphere  ]  that  is  to  say,  the  longer  will  be  its  day,  and  the 

shorter  its  night     Every  station  north  of  the  equator  will  have  a  day  of 

more  and  a  night  of  len  than  twelve  hours'  duration,  and  vice  «)er«A. 
to 
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pbenoraena  are  exactly  inverted  when  the  earth  comes  to  ^ 
oiat  D  of  its  orbit. 

Kow,  the   WmperatUTo   of  any  part  of  the   earth's  mxba 
ainly  on  its  osposure  to  the  Bnn'g  rays.     WhoncTCr  the  nmii 
borison  of  any  p1»»e,  that  pkco  is  receiving  heal ;  wheo  belov, 
th  it,  by  the  process  called  radiation ;  and  the  whole  ijiuntilia 
nd  parted  nith  in  the  yeu-  (secondary  caiusea  apart)  miw 

'  temperature  as  indicated  by  the  thermometer)  nonid  not  be 
■Whenever,  then,  the  eon  remaina  more  than   twelve  honn 

PC  will  be  above  the  average ;  when  the  reverse,  below.    Aj 
then,  moves  from  A  to  B,  ihe  days  growing  longer,  and  tbc 

misphere  increases,  and  we  pass  frotn  spring  to  summer;  whi!(, 
e  time,  tho  reverse  obtains  in  the  HoUtbem  hemi>^phe^e.    At 
passes  firam  B  to  C,  the  days  aod  nights  again  approach  Id 
-the  eicesa  of  temperature  in  (he  northern  hemi.sphere  abow 
Bfate  grows  less,  as  well  as  iis  defect  id  the  southern  ;  and  il 
nal  equinox  C,  the  mean  stale  is  once  more  attained.     Froa 
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*Ue  wilh  whtt  we  know  of  the  laws  of  the  oommoiiicatiaD  of  heat  from 
A  luminary  placed  at  a  variable  distance.     Heat,  like  light,  being  equally 

:«UBperBed  from  the  sun  in  all  directions,  and  being  spread  over  the  antftee 
of  a  q[fkere  eentinually  enlarging  as  we  recede  from? the  centro,  mnst>  of 
flonne,  diminish  in  intensity  according  to  the  inverse  proportion  of  the 
nrfirae  of  the  sphere  over  which  it  is  spread;  that  is,  in  the  inverse  pro- 

:  poition  of  the  square  of  the  distance.  Bnt  we  have  seen  (art  S50)  that 
this  ifl  alao  the  proportion  in  which  the  tmgvJar  vdoeUy  of  Uie  earth 
•bont  the snu  vmriee.  Hence  it  appears,  that  the mm^eaUary  tM^ppl^irf 
heai  received  by  the  earth  from  the  sun  varies  in  the  exact  pr^Mrtion-cf 

-tfBgolar  veloeity,  ».  «.  of  the  mommUary  increase  ef  isnffiiyde :  and  from 
this  itIblkwB,  that  eqval  amounts  of  heat  are  reoaved  from  the- son  in 
Tfumg  over  eqnal  angles i ronnd  it,  in  whatever  partof  the  elHpse  these 
«Bg^ mej  be «itiuited.    Let,  then,' S  represent  the  sun;  AQMP  tfce 


ewA'aiiirliift;  A  its  nearest  point  tO' the  sen,  <Hr,  aa-it  is  eilled,  the 
heUmm  its  orbit;  M  the  fiurthest^  or  the  mfhdUm;  vA  theiefem  AS 
'If  -tiie  taeU  of  tiie  dlipse.  Now,  soppese  the  orUt  ^vkkd  into  two 
>  segnenii  by  a  stvaight  line  PI^Q,  ^drawn  throogh  the  6«i,  said  anykwr 
mtnnted  as  toldiieolion;  Ihen,  if  we  suppose  the  eaith  tomieuhAe  in  the 
direMkm  PAQMP,  it  wiU  have  paned  over  IM^" of  leoytode  in 
viovingfrom  P  to  Q,  and  as  many* in  moving  firom  Qto'P.  It  anpcMii 
therefere,  from*  what  has' been  diewn,  that  Ae  snpplies-'Cf  heat  rsoovfld 
from  tlM  0m  will  be  equAl  in  the  two  segments,  in  whatefendixeotion  the 
lne>P  S  Q  be  dram.  They  will,  indeed,  be  described  in  unequal  times; 
•  that  in- wUdi'the^  perihelion  Alice  in  aahorteryaod  the  other  in  a  kmger, 
in  proportion  to  their  unequal  area :  bnt  the  greater  proximity  of  the  sun 
in  the  smaller  segment  eompeniates  exactly  ler  its  more  rapid  dean^itisi^ 
nrid'thus  an  equilibrtimi  «f  heat  is,  as  it  were,  maintained.  -Were  it  a#( 
for  this,  the  exoentrioity  of  the  orbit  woald  materially  influence  the 
sition  of-  asasens.    The  fluetoatign-of  diitanoeamounts  to  neatHy  .mV 
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lantitj,  and,  consequeotly,  tho  fluctuation  in  the  eon's  dintt 
er  to  double  this,  or  j'jih  of  tbe  wbolo.     Now,  the  peribelioo 
b  Bitoated  nearly  at  the  place  of  tho  northern  winter  soUtki; 

0  eiaggeralo  tbe  differenci!  of  Bummer  aud  winter  vd  Hk 
niisphere,  and  to  moderate  it  in  the  northern  ;  thus  prododnj 
cot  alternation  of  climate  in  tbe  one  hemisphere,  and  in 
3  perpetual  spring  in  tbe  other.     As  it  is,  however,  no  nA 
ubsista,  but  an  equal  and  impartial  distribution  of  beat  ■! 
□rded  to  both. 

'bis  does  not  prevent,  however,  tho  direct  impression  irf  At 
a  the  height  of  Bummer, —  the  glow  and  ardour  of  his  i3ji, 
rfectly  clear  sky,  at  noon,  in  equal  latitudes  &ad  under  eqnl 

mispbere  than  in  the  nortbcro.   One  fifteenth  is  too  coosiilen- 
on  of  tbe  whole  iotenBity  of  sunshine  not  to  aggravate  in  x 
Tee  tho  sufferings  of  those  who  are  exposed  to  it  in  ttuijTj 
bout  shelter.     The  accounts  of  these  sufferings  in  the  interirt 
a,  for  instance,  are  of  the  moet  frightful  kind,  and  would  seem 
d  what  have  ever  been  undergone  by  travellers  in  the  nortbem 
Africa.' 

XBAN  TBMPSKATURS  OF  THB  BABTH'B  8URPACB.  197 

ho  sorboe  Dover  ooquires  a  yery  elevated  temperature  even  under  the 
quaior. 

(871.)  The  great  key  to  simplicity  of  conception  in  astronomy,  and, 
iideed,  in  all  sciences  where  motion  is  concerned,  consists  in  oontempla- 
[ng  eveiy  movement  as  referred  to  points  which  are  either  permanently 
I  or  BO  nearly  so,  as  that  their  motions  shall  be  too  small  to  interfere 
with  and  confuse  our  notions.  In  the  choice  of  these  primary 
ninta  of  r^rence,  too,  we  must  endeavour,  as  far  as  possible,  to  select 
tteh  aa  have  simple  and  symmetrical  geometrical  relations  of  situation  with 
Mpeet  to  the  curves  described  by  the  moving  parts  of  the  system,  and 
rhieh  are  thereby  fitted  to  perforpi  the  office  of  natural  centres — advan- 
•geooa  stations  for  the  eye  of  reason  and  theory.  Having  learned  to 
ittijbate  an  orbitual  motion  to  the  earth,  it  loses  this  advantage,  which  is 
nmaferred  to  the  sun,  as  the  fixed  centre  about  which  its  orbit  is  per- 
Smned.  Precisely  as,  when  embarrassed  by  the  earth's  diurnal  motion, 
re  have  learned  to  transfer,  in  imagination,  our  station  of  observation 
lom  its  surface  to  its  centre,  by  the  application  of  the  diurnal  parallax ; 
Of  when  we  come  to  inquire  into  the  movements  of  the  planets,  we  shall 
ind  ourselves  continually  embarrassed  by  the  orbitual  motion  of  our  point 
if  view,  unless,  by  the  consideration  of  the  annual  or  hdioceniric  partd- 
ox,  we  consent  to  refer  all  our  observations  on  them  to  the  centre  of  the 
on,  or  rather  to  the  common  centre  of  gravity  of  the  sun,  and  the  other 
lodiea  wbioh  are  connected  with  it  in  our  system.  Hence  arises  the  dis- 
inetion  between  the  geocentric  and  heliocentric  place  of  an  object  The 
brmer  refers  its  situation  in  space  to  an  imaginary  sphere  of  infinite 
adiua,  having  the  centre  of  the  earth  for  its  centre — the  latter  to  one 
ODcentrio  with  the  sun.  Thus,  when  we  speak  of  the  hdioceniric  lonffu 
iidet  and  latiindeM  of  objects,  we  suppose  the  spectator  situated  in  the  sun 
nd  referring  them  by  circles  perpendicular-  to  the  plane  of  the  ecliptio, 
0  the  great  eirole  mariced  out  in  the  heavens  by  the  infinite  prolongation 
f  that  plane. 

(872.)  The  point  in  the  imaginary  concave  of  an  infinite  heaven,  to 
rbieh  a  spectator  in  the  sun  refers  the  earth,  must,  of  course,  be  diame- 
rieally  opposite  to  that  to  which  a  spectator  on  the  earth  refers  the  sun's 
entre;  consequently  the  heliocentric  latitude  of  the  earth  is  always 
lotbing,  and  xt$  hdioceniric  tongitude  always  equal  to  the  tun*t  geocentric 
tmgiiude'^'liO^,  The  heliocentric  equinoxes  and  soktices  are,  therefore, 
he  nme  as  the  geocentric  reversely  named;  and  to  conceive  them,  we 
imve  only  to  imagine  a  plane  passing  through  the  sun's  centre,  parallel  to 
ha  earth's  equator,  and  prolonged  infinitely  on  all  sides.  The  line  of  inter- 
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hU  plane  tmd  the  plane  of  the  ediptio  is  the  line  of  eqamam, 
tices  arc  90°  distant  from  it. 

he  position  of  the  longer  axis  of  tlie  earth's  orUt  is  »  ptnil 
portance.     In  the  figure  (art.  368)  let  E  C  L  I  be  U»8  eelipie, 

from  the  xtn  wkm  tU  heliocentric  hnyiluda  are  0"  aad  laC 
.    Supposing  tlio  earth's  motion  to  be  performed  in  tbe  £h> 
I,  the  angle  E  S  A,  or  the  lonptnJe  of  tbe  perihelion,  tn  At 
ffM  99°  30'  5"  :  wo  say  in  the  year  1800,  because,  in  pwnt  rf 
opemtioD  of  causes  hereafter  to  be  explained,  its  position  it 
an  cztrcnielj  slow  variation  of  about  12"  p«r  sntiiuD  t*  Us 
ad  which  in  the  progress  of  an  immensely  long  period — of  » 
09^4  ycirs  — carries  the  axis  A  S  RI  of  the  orbit  complete); 
hole  circDinference  of  the  ecliptic.     But  this  niotioo  mu«t  In 
for  the  present,  as  well  as  many  other  minute  deviation^  to  it 
0  Ticw  when  they  cnn  be  better  understood. 
Vere  the   earth's  orbit  a  circle,  described  with    a  unifnm 
ut  the  sun  placed  in  its  centre,  nothing  could  be  easier  thu 
its  position  at  any  time  with  respect  to  the  line  of  equiDOxu, 
tude,  for  we  should  only  bare  to  reduce  to  Qnmbers  the  pr» 
owing;  riE.  One  year  ;  the  time  elapsed  ;:  360"  :  the  are  tf 
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the  whole  semi-feTolutioii  from  A  to  M,  exceed  it  in  anumnt  ;.or,  in  other 
wordsy  the  true  place  will  be  iniadVance  of  the  mean:  at  M|  one  half  the 
year  will  have  elapsed,  and  one  half  the  orbit  have  been  deaeribed* 
whether  it  be  cinmlar  orelliptie.  Here,  then,  the  mean  and  ime  places 
eoincide;  bnt  in  all  the  other  half  of  the  orbit,  from  M  to  A,  the  true 
plaoe  will  &11  short  of  the  mean,  since  at  M  the  angular  motion. is  slowest, . 
and  the  tme  plaee  from  this  point  begina  to  lag  behind  the  mean — to 
make  up  with  it^  .however,  as  it  approaches  A,  where  it  once  more  over- 
takes it 

(S75.)  The  quantity  by  which  the  true  lon^tude  of  llie  earth  differs 
from  the  moan  longitude  is  called  the  equation  of  the  centre,  and  is  addi- 
tive during  all  the  half-year,  in  which  the  earth  passes  from  A  to  M, 
beginning  at  0^  0'  (y\  increasing  to  a  maximum,  and  again  diminishing 
to  aero  at  M ;  after  which  it  becomes  subtractive,  attains  a  maximum  of 
aabtractive  magnitude  between  M  and  A,  and  again  diminishes  to  0  at  A 
Its  maximum,  both  additive  and  subtractive,  is  1^  55'  d8"*3. 

(876.)  By  applying,  then,  to  the  earth's  mean  longitude,  the  equation 
of  the  centre  corresponding  to  any  given  time  at  which  we  would  ascer- 
tain its  plaoe,  the  true  longitude  becomes  known ;  and  since  the  sun  is 
always  seen  from  the  earth  in  180^  more  longitude  than  the  earth  from 
the  aun,  in  thb  way  also  the  sun's  true  place  in  the  ecliptic  becomes 
known.  The  calculation  of  the  equation  of  the  centre  is  performed  by  a 
table  constructed  for  that  purpose,  to  be  found  in  all ''  Solar  Tables. Y^r 

(877.)  The  maximum  value  of  the  equation  of  the  centre  depends  Vmly 
on  the  elliptioity  of  the  orbit,  and  may  be  expressed  in  terms  of  the  ex- 
c0Dtricity.  Viee  vertd^  therefore,  if  the  former  quantity  can  be  ascer- 
tained by  observation,  the  latter  may  be  derived  from  it;  because,  when- 
ever the  law,  or  numerical  connection,  between  two  quantities  is  known, 
the  one  can  always  be  determined  from  the  other.  Now,  by  assiduous 
obaervaUon  of  the  sun's  transits  over  the  meridian,  we  can  ascertain,  for 
every  day,  its  exact  right  ascension,  and  thence  conclude  its  longitude 
(art  809).  After  this,  it  is  easy  to  assign  the  angle  by  which  this 
obterved  longitude  exceeds  or  falls  short  of  the  mean ;  and  the  greatest 
amount  of  this  excess  or  defect  which  occurs  in  the  whole  year,  is  the 
maximum  equation  of  the  centre.  This,  as  a  means  of  asoertaining  the 
eaoentricity  of  the  orbit,  is  a  far  more  easy  and  accurate  method  than 
that  at  concluding  the  sun's  distance  by  measuring  its  apparent  diameter. 
The  results  of  the  two  methods  coincide,  however,  perfectly. 

(378.)  If  the  ecliptic  coincided  with  the  equinoctial,  the  effect  of  the 
equation  of  the  centre,  by  disturbing  the  uniformity  of  the  sun's  apparent 
motion  in  bngitude,  would  cause  an  inequality  in  its  time  of  coming  on 
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n  on  eneocssive  days.     When  iho  buu'b  centre  comes  tr.  the 
.  is  apparent  ttomt,  aod  if  its  niolion  in  longitude  were  mi- 
;hc  ecliptic  coincident  with  tbe  efjuinoctial,  thid  would  alvsp 
,li  mean  noon,  or  the  stroke  of  12  on  n  well-regulated  kUt 
t,  independent  of  the  want  of  nniforraity  in  its  motion,  tbe 
'  the  eeliptic  gives  rise  to  another  ineqiiality  in  this  respect;  jo 
'.  of  which,  the  son,  even  supposing  its  motion  in  the  ecltptie 
luld  yet  alternately,  in  ita  tdme  of  attaining  the  meridiaa,  uiti- 
^all  short  of  the  mean  noon  as  shown  by  the  clock.     For  the 
iion  of  a  celestial  object  forming  a  side  of  a  ^ight^nlg]ed  Bpbe- 
le,  of  which  ita  longitude  is  the  hypothenuse,  it  is  clear  thil 

ihe  inercaso  of  the  former. 

rhesc  two  causes,  then,  acting  conjointly,  produce,  in  fael,  i 
:rahle  fluotnalion  in  the  time  as  shown  per  clock,  when  the  sno 
la  the  meridian.     It  amounts,  in>fact,  to  upwiirds  of  half  to 
rent  noon  sometimes  taking  place  as  much  aa  16J  lain.  befufe 
and  at  others  as  much  as  14^  niin.  after.     This  diffcreoee 
parent  and  mcno  noon  is  called  the  rquaCion  of  time,  ud  Is 
.nd  inserted  in  ephemeridcs  for  every  day  of  the  year,  under 
or  else,  which  comes  to  tbe  same  thing,  tbe  moment,  .»  mcoa 
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(381.)  These  Sit/ns  «re  purely  technical  sabdivisions  of  the  ecliptic, 
oommeDcing  from  the  actual  equinox,  and  are  not  to  he  confounded  with 
the  consiMuiofiB  so  called  (and  sometimes  so  symbolized).  The  constel- 
laCiouB  of  the  zodiac,  as  they  now  stand  arranged  on  the  ecliptic,  are  all  a 
full  "sign"  in  advance  or  anticipation  of  their  symbolic  cognomens  thereon 
marked.  Thus  the  constellation  Aries  actually  occupies  the  sign  Taurus 
by  the  constellation  Taurus,  the  sign  Oemini  n,  and  so  on,  the  sif^ns 
hftving  retreated'  among  the  stars  (together  with  the  equinox  their  origin), 
bj  the  effect  of  precession.  The  bright  star  Spica  in  the  constcllaUon 
Yiigo  (a  Yirginis),  by  the  observations  of  Hipparchus,  128  years  B.  c, 
preceded,  or  was  westward  of  the  autumnal  equinox  in  longitude  by  6^. 
In  1750  it  followed  or  stood  eastward  of  the  same  equinox  by  20^  21'. 
Its  place  then,  as  referred  to  the  ecliptic  at  the  former  epoch,  would  be  in 
longitude  5*  24^  O',  or  in  the  24th  degree  of  the  nrpi  Si,  whereas  in  the 
latter  epoch  it  stood  in  the  21st  degree  of  ^,  the  equinox  having  retreated 
by  26^  21'  in  the  interval,  1878  years,  elapsed.  To  avoid  this  source  of 
misnnderstanding,  the  use  of  "  signs"  and  their  symbols  in  the  reckoning 
of  celestial  longitudes  is  now  almost  entirely  abandoned,  and  the  ordinary 
reckoning  (by  degrees,  &c.  from  0  to  360)  adopted  in  its  place,  and  the 
names  Aries,  Virgo,  &c.  are  becoming  restricted  to  the  constellations  so 
called.* 

(382.)  When  the  sun  is  in  either  tropic,  it  enlightens,  as  we  have  seen, 
the  pole  on  that  side  the  equator,  and  shines  over  or  beyond  it  to  the 
extent  of  23^  27'  30^'.  The  parallels  of  latitude,  at  this  distance  from 
either  pole,  are  called  the  polar  circles,  and  are  distingubhed  from  each 
other  by  the  names  arctic  and  antarctic.  The  regions  within  these 
circles  are  sometimes  termed  frigid  zones,  while  the  belt  between  the 
tiojHCS  is  called  the  torrid  zone,  and  the  intermediate  belts  temperate  zones. 
These  last,  however,  are  merely  names  ^ven  for  the  sake  of  naming ;  as, 
in  &ct,  owing  to  the  different  distribution  of  land  and  sea  in  the  two  hemi- 
spheres,  zones  of  climate  are  not  co-terminal  with  zones  of  latitude, 

(383.)  Our  seasons  are  determined  by  the  apparent  passages  of  the  sun 
across  the  equinoctial,  and  its  alternate  arrival  in  the  northern  and  south- 
em  hemisphere.  Were  the  equinox  invariable,  this  would  happen  at 
intervals  precisely  equal  to  the  duration  of  the  sidereal  year ;  but,  in  fact, 

^RtiTtaled  is  here  uied  with  reference  to  loHgiiude,  not  to  the  apparent  diurnal 
moiioD. 

*  When,  however,  the  plaee  of  the  sun  is  spoken  of,  the  old  usage  prevails.  Thus, 
if  we  say  "  the  sun  is  in  Aries,**  it  would  be  interpreted  to  mean  between  0^  and  30* 
of  longitude.  So,  also,  "  the  first  point  of  Aries**  is  still  understood  to  mean  the 
venal,  and  "  the  first  point  of  libra,"  the  airtumnal  eqainox;  and  so  in  a  few  other 
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lie  elow  conical  motioQ  of  the  earth's  axia  dcsoribod  in  art  317, 
X  retreats  od  the  ecliptic,  and  m^ta  the  advaneiDg  sun  boim- 
■e  tbe  whole  sidereal  circuit  is  completed.     The  lumuttt  retreat 
iuox  is  50"-l,  and  this  arc  ia  described  by  the  sun  in  the  eclip- 

s  thnD  tbe  true  sidereal  revolution  of  tbe  earth  round  tlie  sun. 
tter  perit-d,  or  Ridereai  year,  ia  equal  to  365*  6'  9-  9-6,  it  fol- 
,  tliat  the  former  must  be  only  365*  5"  48-  49-7 ;  and  this  it 
laiit  by  the  tropkiil  year. 

We  have  already  menliooed  that  the  longer  axia  of  the  ellipte 
jy  the  earth  has  a  slow  motion  of  ll"-8  per  annum  in  odvanca. 
it  results,  that  vhen  the  earth,  setting  out  from  the  peribclion, 
leted  one    sidereal   period,   the   perihelion    will    have   mortd 
'  11"*S,  which  aro  must  be  described  by  the  earth  befoi«  itcu 
h  the  perihelion.     In  no  doing,  it  occupies  4"  39-7,  and  thii 
■fore  be  added  to  the  sidereal  period,  to  give  the  interval  between 
^utive  Tctuma  to  the  perihelion.     This  interval,  then,  is  3(I5* 
('■3,'  and  is  what  is  called  the  amimiHtlw  ^ear.      All  the* 
vo  their  uses  in  astronomy ;  but  that  in  which  mankind  ia 

>  depends,  and  which  we  thus  perceive  to  he  a  compound  phe- 
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gMMnJly  oomprBbtpded  under  the  Qame  of  pertorbtttions  tnd  leonlar  in- 
eqoAlitics.  Of  tkeae  deriatioDs,  and  their  oauses^  we  shall  speak  here- 
after at  length.  It  is  the  triumph  of  physical  astronomy  to  have  rendered. 
»  cemplete  aoooaot  of-  Uiem  all^  and  to  have  left  nothing  unexphuned, 
eMier  in  the  motions  of'  the  snn  or  in  those  of  any  other  of  the  bodies  of 
o«r  system^  Biit  the  nature  oi  this  explanation  cannot  be  understood  till 
we  hare  developed- the  law  of  gravitation,  and  carried  it  into  its  more 
direet  oonsequenoes*  This  will  be  the  object  of  our  three  following  chap- 
ten  5  in  whidi  we  shall  take  advantage  of  the  proximity  of  the  moon,. 
■id  its  immediate  connection  with  and  dependence  on  the  earth,  to  render 
it,  as  it  were,  a  stepping-stone  to  the  general  explanation  of  the  planet* 
mrj  movements*  We  shall  conclude  this  by  describing  what  is  known  of 
the  phjrieid  oenstitution  of  the  sun. 

(886.)  Whea  viewed  through  powerful  telesoopes,.  provided  with 
oolbnred  glasses,  to  take  off  the  heat,  which  would  otherwise  injure  our 
ayes,  the  soni  is  observed  to  have  frequently  large  and  perfectly  black 
spots  upon  it^.  SDRonnded:  with  a  kind  of  boider,  less  completely  dark, 
oalled  a  penumb».  Some  of  these  aro  represented  at  a,  6,  c,  <f ,  in  Plate 
L  ig.  2.,  at  the  end  of  this  volume.  They  are,  however,  not  permanent 
When  watehed-  from  day  to'day,  or  even  from  hour  to  hour,  they  appear 
Id  enlaige  or.  oontiact,  to  change  their  forms^  and  at  length  to  disappear 
altoge^ier,  or  to  break  out  anew  in  parts  of  the  surface  where  none  were 
belbie.  In  such  cases  of  disappearance,  the  central  darit  spot  always  con- 
ItmIs  into  a  pointy  and  vanishes  before  the  border.  Occasionally  they 
hieak  np^  or  cBvide  into  two  or  more,  and  in  those  cases  offer  every  evip 
donee  of  that  extnne  mobility  which  belongs  only  to  the  fluid  state,  and 
of  that  eieessively  violent  agitation  which  seems  only  compatible  with  the 
atmospherio  or  gaseous  state  of  matter.  The  scale  on  which  their  movo* 
Bents  take  place  is  immense.  A  angla  second  of  angular  measure,  as 
seen  from  the  earth,  oerrespoads  on  the  sun^s  disc  to  461  miles;  and  a 
eirele  of  Hus  dia»e*CT  (containing  therefore  nearly  167000  square  miles) 
is  the  least  i^NwewUch  can  be  distinctly  disoemed  on  the  sun  as  a  vinble 
area.  Spots  have  been  observed,  however,  whose  linear  diameter  has 
been  upwards  of  45000  nnles;^  and  even,  if  some  records  are  to  be, 
trailed,  of  veiy  much  greater  extent  That  such  a  spot  should  dose  up 
In  sis  weeks'  time  (for  they  seldom  last  much  longer),  its  borders  must 
afrproach  at  the  rate  of  more  than  1000  miles  a  day. 

(887.)  Many  other  droumstanoes  tend  to  corroborate  ^is  view  of  the 
snl^eet     The  part  of  the  sun's  disc  not  occupied  by  spots  is  far  from 

*  Mayer,  Obs.  Mar.  19, 1798.    "  Ingeos  macala  in  sole  oonapidebatar,  cujua  diam- 
eter»  it  diam*  aolia. 
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bright.     Its  grmitid  is  fioely  mottled  with  no  appearance  of 
rk  dots,  or  jwr«,  which,  whoa  att*!DtiveIj  w&tefac<I,  are  found 
jonslant  slate  of  change,    -There  ia  notbing  which  represent! 

reeipitatca  in  a  transparent  fluid,  when  vieved  perpend icoUrlji 
:  BO  faithfully,  indeed,  that  it  ia  hardly  possible  not  to  be  im- 

ith  a  transparent  and  non-luminuus  atraoflpbcre,  either  floating 
1  our  dr,  or  pervading  it  in  vast  sheets  and  eolumns  like  fiame, 
imers  of  our  nortbora  lights,  directed  in  lines  perpendicular  to 

Jaatly,  in  the  neighbourhood  of  great  spots,  or  extensive  gron^ 
irge  spaces  of  the  surface  are  often  observed  to  be  covered  with 
larkcd  curs'ed  or  branching  streaks,  more  luminous  than  the 
j'acuUe,  and  among  these,  if  not  already  existing,  spots  fre- 
ank  out.     They  may,  perhaps,  bo  regarded  with  most  prtAa- 
he  ridges  of  immense  wares  in  the  luminous  regions  of  ibe 
isphere,  indicative  of  violent  agitation  in  their  neigh boorhooj. 
most  commonly,  and  best  seen,  towards   the  borders  of  the 
;,  and  their  appearance  is  as  represented  in  Plate  I.  fig.  1. 
But  what  arc  the  spots?     Many  fanciful  notions  have  be«n 

niTUBi  or  THE  sens  spots. 


f 


Um  ol<Hida,  reflaotB  luwe.  (See  jig^  The  teroponry  removal  of  both 
ttie  rinta,  but  more  of  the  upper  than  the  lower,  he  ntppoeee  eSeoted  by 

.  powerfiil  npwud  enirenta  of  the  atmoBphere,  ariaing,  perhaps,  from 
Ifjnolea  in  the  body,  or  from  local  agitationa. 

(890.)  When  the  ipots  are  atleotively  watobed,  thur  sitnatioD  od  the 
dies  of  the  aan  ia  obeerred  to  change.  They  advance  regularly  towards 
ita  weitem  limb  or  border,  where  they  diaappear,  and  are  replaced  by 
ofton  which  enta  at  the  eastern  limb,  and  whiob,  pureoiDg  their  reapeo- 
tive  eoaraes,  in  their  tarn  disappear  at  the  western.  The  apparent 
npidi^  of  this  movement  is  not  uniform,  as  it  would  be  were  the  spots 
dark  bodies  pasnng,  by  an  independent  motioa  of  their  own,  between  the 
auth  and  the  snn ;  bnt  is  swiftest  in  the  miildle  of  their  paths  aonas 
the  diso,  and  very  slow  at  its  borders.  This  ia  premsely  what  wonld  be 
tbe  case  supponiig  them  to  appertain  to  and  malce  part  of  the  viuble 
rarftoe  of  tiie  sun's  globe,  and  to  be  carried  nmnd  by  a  uniform  rotation 
of  that  globe  on  its  axis,  ao  that  each  apot  should  describe  a  drole  parallel 
to  the  sun's  equator,  rendered  elliptic  by  the  effect  of  perspective.  Their 
apparent  paths  also  across  the  diso  conform  to  this  view  of  their  nature, 
being,  generally  speaking,  ellipses,  much  elongated,  ooncentrio  with  the 
Bun's  disc,  each  having  one  of  its  chords  for  its  longer  axia,  and  all  theee 

,  axes  parallel  to  each  other.  At  two  periods  of  the  year  only  do  tbe 
q>ots  appear  to  describe  strmght  lines,  via.  on  and  near  to  tbe^lth  of 
Jnne  and  the  12th  of  December,  on  which  days,  therefore,  the  plane  of 
tha  eirde,  which  a  spot  libiated  on  the  son's  equator  describes  (and  oon- 
asqnently,  the  plane  of  that  equator  itself,)  psases-  throngb  the  earth. 
Henoe  it  ia  obvions,  that  the  plane  of  the  sud'b  eqnator  is  inclined  to  that 
of  the  ecliptic,  and  interseole  it  in  a  line  which  passes  through  the  plaoe 
of  ^  eartii  on  these  days.    The  sitoation  of  this  line,  or  iKf-  Am  of  (ft« 


1 

ODTLISES   OP   ASTROXOMT. 

•f.  tun'n  rquafor&a  it  is  ealled,  is,  therefore,  defined  bj  ibe 
)f  the  earth  na  seen  from  the  sua  at  thtee  epochs,  which  ire 
80=  -il'  Bad  260"  21'  (=80"  21'  +  180'')  being,  of  come, 
y  oppoaite  in  direction,  a  ' 
'he  ioctination  of  the  sun's  axis  (that  of  the  piano  of  hi 

lod  the  shorter  diameter  of  the  apparent  ellipse,  desenbed  I7 
:abte,  wcll-de&ned  spot;  in  order  t«  do  whicb,  its  apparent 
e  snn'a  disc  must  be  Tery  precisely  ascertained  bj  micrometiie 
cpeated  from  day  to  day  as  long  sa  it  continnes  risible  (assail; 

ish  by  the  effect  of  foreshortening  before  thej  attain  the  aetnal 
he  disc — hut  the  larger  spots  being  traceable  closer  to  the  Lmb 

hem  of  the  element  in  <)uestioo,  is  compliosled  with  the  eflecl 
i'a  motion  in  the  interval  of  the  observatiooe,  wid  with  iti 
the  ecliptic,  with  respect  to  the  line  of  nodes.    For  simplicilj, 
pose  the  earth  sitanled  as  it  is  on  the  10th  of  March,  in  a  Une 
igles  to  that  of  the  nodes,  i'.  >-.  in  the  heliocentric  bogitodt 
od  to  remain  there  staticnary  during  the  whole  passage  of  1 
the  disc.     In  this  case  the  axis  of  rotation  of  the  snn  will  be 
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Aroe^  the  mrA,  tnd  Q  a  spot  sitnatad  on  its  equator,  and  in  that  plane, 
'Mid  eomeqiiently  in  the  middle  of  ite  apparent  path  acroas  the  diso.  If 
•tke  axis  of  rotatioii  were  perpendicular  to  the  eeliptic,  as  N  S,  this  spot 
•irodld  be  at  A,  and- would  be  seen  projeeted  on  C,  the  eentro  of  the  sun. 
lit  is  aotoallj  at  Q,  projeeted  upon  D,  at  an  apparent  distance  C  D  to  the 
marik  of  the  eetttie^  which  is  the  apparent  smaller  semi-axis  of  the  ellipse 
isottribed  by  the  spot^  which  being  known  by  micrometric  measnrement; 

the  Tidne  of  ^r-^  or  the  Msine  of  Q  C  N,  the  inclination  of  the  sun's 

Maqoatolr  beoones  known,  C  N  being  the  apparent  semi-diameter  of  the 

*Min  at  the  time.    -At  this  epoch,  moreover,  the  northern  half  of  the  drde 

desetibed  by  die- spot  is  visible  (the  southern  passing  behind  the  body  oif 

'the  nmt'j)  and  ihe' south  pole  p  of  the  snn  is  within  the  visible  hemi* 

'  qiliere.    This  is  Ae  'case  in  the  whole  interval  from  December  11th  to 

July  12tli,  daring  which,  t^e  visoal  ray  %dls  upon  the  sonthem  side  of 

the  son's  equator.     The  contrary  happens  in  the  other  half  year,  tnm 

July  12th  to  Peeeraber  11th,  and  this  is  whst^  understood  when  we  say 

'fliat  the  (ucendmff  ncfde  (denoted  Q)  of  ike  sun's  equator  lies  in  80^21' 

'lott^tode— a-spot  on  the  equator  passing  t^t  node  being  then  in  the  aet 

of  <neeiuAfii^  from  the  souUiem  to  the  northern  side  of  the  plane  of  the 

*  oeliplie— «ucli'  bebig  the  conrentional  language  ti  astronomers  in  speakiiig 

'Of  Uiese  matters. 

(892.)  If  the  dbseivations  are  made  at  other  seasons  (which,  however^ 
are  the  less  fitvourable  for  this  purpose  '•  the  more  remote  they  are  firom 
'  the  epochs  here  assigned) ;  when,  moreover,  as  in  strictness  is  necessary^ 
the  motion  of  the  earth  in  the  interval  of  the  measures  is  allowed  for  (as 
fbr  a  change  of  the  pdnt  of  sight) ;  the  calculations  requisite  to  deduce 
the  situation  of  the  a^s  in  space,  and  the  duration  of  the  revolution 
around  it,  become  much  more  intricate,  and  it  would  be  beyond  the  scope 
of  this  work  to  enter  into  them.'  According  to  the  best  determinations 
we  possess,  the  inclination  of  the  sun's  equator  to  the  ecliptic  is  about  7^ 
2(y  (its  nodes' bebg  as  above  stated),  and  the 'period  of  rotation  25  days 
7  hours  48  minutes.* 

(393.)  The  region  of  the  spots  is  confined,  generally  speaking,  within 
about  25^  on  either  side  of  the  sun's  equator;  beyond  30^  they  are  ve)ry 

^'S«e  the  thflory  in'Ldlaild's  Aatronomy,  art.  3258,  and  ihe  formuhB  of  computation 
fai-a paper  hy  Peteivaa  SchttDacber'a  Naobricbtea,  No.  419. 

*BiaBchi  (Schamaebar'a  Nacb.  483),  agreewf  with  Laagier.    Lelambre  makea  it 
W  0^  17" ;  Petersen,  25*  4^  90".    The  inclination  of  the  azia  ia  uncertain  to  half  a 
defrae,  and  ibe  node  to  aeveml  dafreaa.    Tba  oonciiiiial  ehaagea  jn  the  apots  them 
aalvaa  canaa  tbia  uaoartantf . 


...^iv^u.-^,  HI  ine  manner  of  bolts  parallel  to  the 

to  pliytjical  peculiarities  in  certain  parts  of  the  sui 
than  iu  others  to  the  production  of  the  spots,  oi 
the  other,  to  a  general  influence  of  its  rotation  on  i 
cause  of  their  distribution  and  arrangement,  and  y 
of  a  system  of  inoveroeots  in  the  fluids  which 
Borfiice  bearing  no  remote  analogy  to  our  trade 
cause  arising.     (See  art.  239.  et  scq.) 

(894.)  The  duration  of  individual  spots  is  comi 
•re  formed  and  disappear  within  the  limit  of  a  sii 
disc — but  such  are  for  the  most  part  small  and  insi^ 
they  make  one  or  two  revolutions,  being  recognized 
by  their  situation  with  respect  to  the  equator,  their  « 
their  size,  or  other  peculiarities,  as  well  as  by  the 
tween  their  disappearance  at  one  limb  and  reappeara 
a  few  rare  cases,  however,  they  have  been  watched 
tions.     The  great  spot  of  1779  appeared  during  six 
the  same  group  was  observed  in  1840  by  Sobn 
times.^    It  has  been  surmised,  with  cousiderable  appt 
some  spots,  at  least,  are  generated  again  and  again,  \ 
time,  over  the  same  identical  points  of  the  sun's  bo< 
example,  are  Icnown  to  affect  given  localities  on  the  ( 
pursue  definite  tracks).     The  uncertainty  which  still 
to  the  exact  duration  of  its  rotation  renders  it  very  c 
vincing  evidence  of  this ;  nor,  indeed,  can  it  be  exp 
JBg  together  into  oha  onnr^^^*^^^  -- 
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itforded  to  oar  globe  stands  in  iotimate  conoexion  with  thoee  prooesses 
which  are  taking  place  on  the  solar  surface,  and  to  which  the  spots  in 
some  waj  or  other  owe  their  origin. 

(895.)  Above  the  luminous  surface  of  the  sun,  and  the  region  in  which 
khiB  spots  residei  there  are  strong  indications  of  the  existence  of  a  gaseous 
atmosphere  having  a  somewhat  imperfect  transparency.  When  the  whole 
imo  of  the  sun  is  seen  at  once  through  a  telescope  magnifying  moderately 
Bnoagh  to  allow  it,  and  with  a  darkening  glass  such  as  to  sufier  it  to  be 
DOBtemplated  with  perfect  comfort,  it  is  very  evident  that  the  borders  of 
dM  disc  are  much  less  luminous  than  the  centre.  That  this  is  no  illusion 
m  shown  by  projecting  the  sun's  image  undarkened  and  moderately  mag« 
Bificd,  so  as  to  occupy  a  circle  two  or  three  inches  in  diameter,  on  a  sheet 
of  white  paper,  taking  care  to  have  it  well  in  focus,  when  the  same  ap- 
peannoe  wiU  be  observed.  This  can  only  arise  from  the  circumferential 
fays  having  undergone  the  absorptive  action  of  a  much  greater  thickness 
of  some  imperfectly  transparent  envelope  (due  to  greater  obliquity  of 
Iheir  passage  through  it)  than  the  central.  —  But  a  still  more  convincing 
and  indeed  decisive  evidence  is  offered  by  the  phsonomenh  attending  a 
iQital  edipee  of  the  sun.  Such  eclipses  (as  will  be  shown  hereafter)  are 
produced  by  the  interposition  of  the  dark  body  of  the  moon  between  the 
earth  and  sun,  the  moon  being  large  enough  to  cover  and  surpass,  by  a 
retj  small  breadth,  the  whole  disc  of  the  sun.  Now  when  thb  takes 
phea,  were  there  no  vaporous  atmosphere  capable  of  reflecting  any  Kghl 
about  the  sun,  the  sky  ought  to  appear  totally  dark,  since  (as  will  here* 
aUker  abundantly  appear)  there  is  not  the  smallest  reason  for  believing  the 
moon  to  have  any  atmosphere  capable  of  doing  so.  So  far,  however,  is 
thb  from  being  the  case,  that  a  bright  ring  or  corona  of  light  is  seen, 
fiMliog  gradually  away,  as  represented  in  PI.  I.  fig.  8.,  which  (in  cases 
where  the  moon  is  not  centralhf  superposed  on  the  sun)  is  observed  to  be 
eoneentric  with  the  latter,  not  the  former  body.  This  corona  was  beanti- 
follj  seen  in  the  eclipse  of  July  7, 1842,  and  with  this  most  remarkable 
additbn  —  witnessed  by  every  spectator  in  Pavia,  Milan,  Vienna,  and 
elsewhere :  there  distinct  and  very  conspicuous  rose<6U)ured  protuberances 
(as  represented  in  the  figure  cited)  were  seen  to  project  beyond  the  dark 
Bnib  of  the  moon,  likened  by  some  to  flames,  by  others  to  mountains,  but 
which  their  enormous  magnitude  (for  to  have  been  seen  at  all  by  the 
naked  eye  their  height  must  have  exceeded  40,000  miles),  and  their  fidnt 
degree  of  illumination,  clearly  prove  to  have  been  cloudy  masses  of  the 
moti  excessive  tenuity,  and  which  doubtless  owed  their  support,  and  proba- 
bly iheir  existence,  to  such  an  atmosphere  as  we  are  now  speaking  of. 

(896.)  That  the  temperature  at  the  visible  sarfi^e  of  the  sun  eaaaoi 
14 


210  OUTLINRS  OF  A8TB0H0MT. 

be  otherwise  than  Tory  elevated,  mntfh  more  so  tiian  any  artificial  beat 
produced  in  oar  iiiniaoe6|  or  by  chemical  or  galvanio  prooesses,  we  hs(ve 
indications  of  several  disUnct  kinds :  Ist^  From  the  law  of  decrease  of 
nufiant  heat  and  li^t,  which|  l>eing  inversely  as  the  ecpmres  of  the  4ie- 
tances,  it  follows,  that  the  heat  received  on  a  given  uea  exposed  at  the 
distance  of  the  earth,  and  on  an  equal  area  at  the  visible  enrfiwe  of  tiie 
son,  must  be  in  the  proportion  of  the  area  of  the  ai^  ooenpied  by  tiM 
sun's  apparent  dise  to  die  whole  hemisphere,  or  as  1  to  about  800000« 
A  far  less  intensity  of  solar  radiation,  colleoted  in  the  ftoos  of  a  buraiag 
glass,  suffices  to  dissipate  gold  and  platina  in  vapour.  *  2dly»  From  the 
ftoiltty  with  which  theealorific  rays  of  the  son  tanavefse  glass,  a  property 
which  is  found  to  belong  to  the  heat  d  artifioial  fires  in  the  direct  pro* 
portioB  of  Iheir  intensity.*  Sdly,  From  the  fiict»  that  the  moet  vivid 
flames  disappear,  and  the  most  intensely  ignited  solids  appear  only  is 
black  spots  on  the  disc  of  the  sun  ivhen  held  between  it  and  the  eye.' 
F^m  the  last  remark  it  foUows,  that  the  boc^  of  Hhe  fiun,  however  dark 
it  may  appear  when  seen  through  its  epots,  may,  nevertheless,  be  in  a 
state  of  most  intense  ignition.  It  does  mot,  however,  follow  of  necessi^ 
that  it  muri  be  so.  The  contrary  is  at  leaet  physieaUy  possible.  A  jn»v 
fsci^  reflective  eanopy  would  effeotoally  defend  it  from  ihe  radiation  of 
the  luminous  regions  above  its  atmosfihere,  and  no  heat  would  be  eea* 
ducted  downwards  through  a  gaseous  a^dium  increasing  vapidly  ia 
density.  That  the  penumbra!  clouds  are  highly  reflective,  the  fact  of 
their  visibility  in  such  a  situation  can  leave  no  doubt. 

(397.)  As  the  magnitude  of  the  sun  has  been  measured,  and  (as  we 
shall  hereafter  see)  its  weight,  or  quantity  of  ponderable  matter,  ascer- 
tained, 80  also  attempts  have  been  made,  and  not  wholly  without  success, 
from  the  heat  actually  communicated  by  its  rays  to  given  surfaces  of 
material  bodies  exposed  to  their  vertical  action  on  the  earth's  surface,  to 
estimate  the  total  expenditure  of  heat  by  that  luminary  in  a  given  time. 
The  result  of  such  experiments  has  been  thus  announced.  Supposing  a 
cylinder  of  ice  45  miles  in  diameter,  to  be  continually  darted  into  the  sun 
with  the  velocity  of  lightj  and  that  the  water  produced  by  its  fusion  were 

'  By  direct  measurement  with  the  actinomeler,  I  find  that  out  of  1000  calorific  solar 
rays,  816  penetrate  a  sheet  of  plate  glass  012  inch  thick  ;  and  that  of  1000  rays  which 
have  passed  through  one  such  plate,  659  are  capable  of  passing  through  another.  H. 
1827. 

*  The. ball  of  ignited  quicklime,  in  Lieutenant  Drummond's  oxy-hydrogen  lamp, 
gives  the  nearest  imitation  of  the  solar  splendour  which  has  yet  been  produced.  The 
appearance  of  this  against  the  sun,  was,  however,  as  described  in  an  imperfect  trial  at 
which  I  was  present.  The  experiment  ought  to  be  repeated  under  favourable  circuni> 
ataneea.— AtfCelalAe  ed.  •/  1633. 
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jocmtiimally  cfmned  q|^  the  heat  now  giyco  off  constai^tly  hj  radiation 
woald  then  be  wholly  expended  in  its  Uqv^efaotion,  on  the  one  haQd,  40  9^ 
to  leaye  no  radiant  surplus;  while,  on  the  other^  the  M9i4  temperatpie 
.^  its  a^rfaoe  ?roald  undergo  no  dimipution. 

(898.)  This  immense  escape  of  heat  by  radiation,  we  may  remarki  jfill 
.fiiUy  ezplidn  the  constant  state  of  tumultuous  agitation  in  which  the  fluids 
.oomporing-tiie  ▼iflible  sur&ce  are  nuintaincdj  and  the  continual  ^neration 
and  filling  in  of  the  poreSf  without  having  recourse  to  internal  cai|a^ 
The  mode  of  action  here  alluded  to  is  perfectly  represented  to  the  eye  in 
the  distmbed  subsidence. of  a  precipitate;  as  dcKribed  in  art  .837,  when 
4he  fluid  fieom  which  it  subsides  is  warm,  and  ksing  heat  from  ita  murfiw. 

(899.)  The  sun's  rays  are  the  ultinuite  sonroe  of  almost  CTSiy  motioii 
which  takes  plape  on  the  surface  of  the  earUi.  By  ite  heat  are  produce^ 
all  wiodf,  and  those  disturbances  40  the  electric  .equilibrium  jQf  *the  atlfip- 
jfiheie  wliiah  give  rise  4o  the  phenomena  of  lightning,  and  probably  also 
to  those  of  terrestrial  magnetism  and  the  aurora.  Bj  their  yivifymg 
action  vj^f^hles  are  enabled  to  draw  4iupport  from  inorganic  matter^  and 
jMMome,  ifk  their  torn  th^  support  of  anjmals  and  of  map,  apd  the  sonxoi^i 
of  those  gnat  deposits  of  dynamical  effiknenoy  which  are  laid  up  for 
human  use  in  our  coal  strata.*  By  them  the  waten  of  the  sea  are  made 
to  circulate  in  vapour  thrqugjii  the  air,  i^Did  irrigate  the  land,  .prod^qi^g 
cpringi  and  rivem.  iBy  th^m  are  prodvoed  »U  disturbances  9f  thlB 
chemical  equilibrium  cf  the  elements  of  -natiife,  -iriiioh,  by  a  series  ,of 
compositions  and  decompositjons,  give  riae  to  uibw  products,  aqd  originals 
a  traiwfor  of  s^aterials.  Even  the  alow  d^gK^dfttipp  qf  ^  .solid  OOP- 
•titneots  of  the  inir&oe,:i«i  which  Jts  chief  geolqgioal  ^AtmgfiB  oopaist^  is 
almost  entirely  due  on  the  one  hand  to4he  abiasioaof  wind  and'rsin,«iid 
the  alternation  of  heat  aiyd  frost;  on  the  oth^  to  the  continual ; boating 
of  the. sea  waves,  a^pltated  by  winds,  tbe  riea^lts  pf  ^]pr  radiation.  3^1 
action '(itself  partly  due  :to  the  sun's  agency)  exemises  bsae  a  oompaia- 
tively  slight  influence.  The  effect  of  oceMiic  onxrents  {mainly  ori^natlag 
in  that  influence,)  though  slight  in  abrarion,  is  powerful  in  difiusing  ,a|id 
iraofporting  the  matter  abraded ;  and  iwjbiqi  Ji^e  /Qpaiyider  tfie  imntOYHIO 
transfer  of  aiatter  so  produced,  the  inarsase  of  pKearans  omr  large  apaoes 
in  the  bed  of  tiie  opean,  and  diminution  over  eorresponding  porti<ms  of 
the  land,  we  are  not  at  a  loss  to  perceive  how  the  elastic  power  of  s]|b- 
terranean  fires,  thus  repressed  on  the  one  hand  and  relieved  on  the  other, 
may  break  forth  in  points  where  the  resistance  is  barely  adequate  to  their 
retention,  and  thus  bring  the  phenomena  of  even  volcanic  activity  under 
the  general  law  of  sohur  influence.' 

*  80  in  tbf  ediuon  of  1633.  •  80  in  the  editioo  of  183$. 


J  ^wcvtai  comDusiion  oi  j 
or  gaseous,  for  the  origin  of  the  solar  radiati 

'  Electricity  traversing  excessively  rarefied  air  c 
doubtless,  also  heat.     May  not  a  continual  current 
circulating  in  the  sun's  immediate  neighbourhood,  oi 
and  exciting,  in  the  upper  regions  of  its  atmosphere, 
however  diminutive  a  scale,  we  have  yet  an  unequivc 
borealis.    The  poaaible  analogy  of  the  solar  tight  t 
diMiootly  insisted  on  by  the  late  Sur  W.  Herschel,  in  hi 
be  a  highly  curious  ^bject  of  experimental  inquiry,  li 
sheets  of  flame,  at  a  distance  one  behind  the  other 
brought  to  any  required  intensity,)  would  communica 
compound  ray  the  ^ptntir^vug  character  which  distingi 
We  may  also  observe,  that  the  tranquiUity  of  the  sun' 
equatortal  regions  (if  its  spots  be  really  atmospheric,) » 
rotation  on  its  axis  only,  but  mutt  arise  from  some  cause 
fmtt  of  the  sun,  as  we  see  the  belts  of  Jupiter  and  Satoi 
from  a  cause,  external  to  these  planets,  combining  itsi 
•IsfM  can  produce  no  motions  when  once  the  form  of  eqc 

The  prismatic  analysis  of  the  solar  beam  exhibits  in  th 
Kne^,"  totally  unUke  thoee  which  belong  to  the  light  of 
This  may  hereaAer  lead  us  to  a  clearer  insight  into  iti 
drtw  any  conclusions  firom  such  an  indication,  we  mu 
iMofaiDg  us  it  has  undergone  the  whole  absorptive  actioi 
ae  of  the  sun's.  Of  the  latter  we  know  nothing,  and 
but  of  the  blue  colour  of  the  former  we  are  sure ;  and  if 
abaorptive)  colour,  the  air  must  be  expected  to  act  on  tli 
of  other  ookmred  media,,  which  often  (and  etpeeially  I 
eorbed  portions  separated  by  dark  intervab.  It  deserve 
some  or  all  the  fixed  lines  observed  by  WoUaston  and  F 
origin  in  our  own  atmosphere.  ESxperimAnf— ^ 
kwns.  on  th»  '••^  •- 
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CHAPTER  Vn. 

OF  THB  MOON.  —  ITS  SIDEREAL  PERIOD.  —  ITS  APPARENT  DIAMETER. 
—  ITS  PARALLAX,  DISTANCE,  AND  REAL  DIAMETER. — FIRST  AP- 
PROXIMATION TO  ITS  ORBIT.  —  AN  ELLIPSE  ABOUT  THE  EARTH  IN 
THB  F00U8. — ITS  EXCENTRICITY  AND  INCLINATION.  —  MOTION  OF 
ITS  NODES  AJ9D  APSIDES. — OF  OCCULTATIONS  AND  SOLAR  ECLIPSB8 
GBNXRALLT.  —  LIMITS  WITHIN  WHICH  THET  ARE  POSSIBLE. — THBT 
PBOYB  THB  MOON  TO  BE  AN  OPAKE  SOLID.  —  ITS  LIGHT  DERIYBD 

.  FROM  THB  SUN. — ITS  PHASES.  —  STNODIO  REVOLUTION*  OR  LUNAR 
MONTH. — OF  ECLIPSES  MORE  PARTICULARLY. — THEIR  PHENOMENA. 

THEIR  PERIODICAL  RECURRENCE.  —  PHYSICAL  CONSTITUTION  OF 

THE  MOON.  —  ITS  MOUNTAINS  AND  OTHER  SUPERFICIAL  FEATURES. 
— ^INDICATIONS  OF  FORMER  VOLCANIC  ACTIVITY. — ITS  ATMOSPHERE. 
— CLIMATE. — RADIATION  OF  HEAT  FROM  ITS  SURFACE. — ROTATION 
ON  ITS  OWN  AXIS.  —  LIBRATION. — APPEARANCE  OF  THB  EARTH 
FROM  IT. 

(401.)  Thb  moon,  like  the  sun,  appears  to  advance  among  the  staif 
with  a  movement  contrary  to  the  general  diurnal  motion  of  the  heavens, 
but  much  more  rapid,  so  as  to  be  very  readily  perceived  (as  we  have 
before  observed)  by  a  few  hours'  cursory  attention  on  any  moonlight 
night  By  this  continual  advance,  which,  though  sometimes  quicker, 
sometimes  slower,  is  never  intermitted  or  reversed,  it  makes  the  tour  of 
the  heavens  in  a  mean  or  average  period  of  27*  7^  43"*  ll*-5,  letuming, 
in  that  time>  to  a  position  among  the  stars  nearly  coincident  with  that  it 
bad  before,  and  which  would  be  exactly  so,  but  for  reasons  presently  to 
be  stated. 

(402.)  The  moon,  then,  like  the  sun,  apparently  describes  an  orbit 
round  the  earth,  and  this  orbit  cannot  be  very  different  from  a  circle,  be- 
cause the  apparent  angular  diameter  of  the  full  moon  is  not  liable  to  any 
great  extent  of  variation. 

(403.)  The  distance  of  the  moon  from  the  earth  is  concluded  from  its 
horizontal  parallax,  which  may  be  found  either  directly,  by  observations 
at  remote  geographical  stations,  exactly  similar  to  those  described  in  art 
855,  in  the  case  of  the  sun,  or  by  means  of  the  phasnomena  called  ocoot 


(^-tu^.j  Tlie  distance  of  the  raoon^s  centre  1 
station  on  the  earth's  surface,  compared  with  its  a 
as  measured  from  that  station,  will  give  its  real  o 
the  former  distance  is  easily  calculated  when  the 
oeutre  is  known,  and  the  apparent  zenith  distance 
mioed  by  observation ;  for  if  we  turn  to  the  figure 
8  Ui6  moon^  A  the  station,  and  C  the  earth's  cent 
the  earth's  radius  C  A,  two  sides  of  the  triangle  i 
angle  C  A  S^  which  is  the  supplement  of  Z  A  S,  t 
tMioe^  whenoe  it  is  easy  to  find  A  S,  ihe  moon's  d 
siioh  observations  and  oalouUition^  it  results,  that  i 
moon  is  2160  miles^  or  about  0*2729  of  that  of  the 
that,  the  bulk  of  the  latter  being  considered  as  1, 
be  0  0204,  or  about  ■^.    The  difference  of  the  ap 
moon,  as  seen  from  the  earth's  centre  and  from  ai 
if  technicaiDy  oi^ed  the  augmentctlion  of  the  appa 
BMiadmmn  occurs  when  the  moon  is  in  the  zenith  ( 
Itfettii  ttkgufar  dtivmelei',  as  sect  from  the  centre,  b 
ae  0*545  X  her  horiionfeal  pai^lax. 

(406.)  By  a  tfsHed  of  observations,  such  as  dei 
otJiitiDuecl  duHnK  one  or  more  revolutions  of  the 
may  be  aftoerCai^eA  itt  evety  point  of  its  orbit ;  and 
ippatihut  pkoM  in  the  heavens  be  observed,  and  re 
{>iuNiUa»  to  the  earth's  oentre,  their  angular  interval 
so  that  the  path  of  the  moon  may  then  be  laid  doi 
to  wmrrtM"!!*  ♦!.-  -*-^   • 


(406.)  Th6  plane  in  which  this  orbit  liee  is  no4  tli»  eoBpiid,  however^ 
bai  ifl  inclined  to  it  at  an  angle  of  5^  8'  48",  which  is  called  the  indU 
BatiOB  oi  the  lunar  orbit,  and  intersects  it  in  two  opposite  points,  which 
are  called  its  nodes — the  (ucendinff  node  being  that  in  which  the  moon 
paasea  from  the  southern  side  of  the  ediptio  to  the  northern,  and  the 
deactmding  the  reversQb  The  points  of  the  orbit  at  which  the  moon  is 
nearest  to,  and  farthest  from,  the  earth,  are  called  respectivoly  its  perigu 
aad  €^pogeej  and  the  line  joining  them  and  the  earth  0  the  line  of  opndeM^ 

(407.)  There  are,  however,  several  remarkable  circumstances  which 
iaterrupt  the  doseness  of  the  analogy,  which  cannot  fidl  to  strike  tbe 
leader,  between  the  motion  of  the  moon  around  the  earth,  and  of  the 
earth  around  the  sun.  In  the  latter  case,  tbe  ellipse  described  remains^ 
during  a  great  many  revolutions,  unaltered  in  its, position  and  dimcnnons; 
OTi  at  least,  the  changes  which  it  undergoes  are  not  perceptible  but  in  a 
oomse  of  very  nice  obeervations,  which  have  disclosed,  it  is  true,  the 
ezifltenee  oi  *^  perturbations,"  but  of  so  minute  an  order,  that,  in  ordinary 
parknoe,  and  for  common  purposes,  we  may  leave  them  unconsidered. 
But  this  cannot  be  done  in  the  case  of  the  moon.  Even  in  a  ungle  revo- 
Inlioii,  its  deviation  from  a  perfect  ellipse  is  very  sensible.  It  does  not 
lelurB  to  the  same  exact  position  among  the  stars  from  which  it  set  out, 
ftbereby  indicating  a  continual  change  in  the  plane  of  its  orbit  And,  in 
efffaet,  if  we  trace  by  observation,  from  month  to  month,  the  point  where 
il  tnverses  the  ecliptic,  we  shall  find  that  the  node$  of  its  orbit  are  in  a 
eoaiinoal  state  of  retreat  upon  the  ecliptic.  Suppose  0  to  be  the  earth, 
attd  Ahad  that  portion  of  the  plane  of  the  eclipUo  which  is  intersected 
bj  iba  nM)on,  in  its  alternate  passages  through  it,  from  south  to  north,  and 
vibe  vend;  and  letABCDEFbea  portion  of  the  moon's  orbit,  em- 
Fig.  57. 


bradng  a  complete  ndereal  revolution.  Suppose  it  to  set  out  from  the 
ascending  node,  A ;  then,  if  the  orbit  lay  all  in  one  plane,  passing  through 
O,  it  would  have  a,  the  opposite  point  in  the  ecliptic,  for  its  descending 
node ;  after  passing  which,  it  would  again  ascend  at  A.  fiut,  in  fret,  its 
real  path  carries  it  not  to  a,  but  along  a  certain  curve,  A  B  C,  to  C,  a 
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point  ia  the  ecliptio  less  than  180^  distant  ^m  A ;  so  that  the  angle 
A  0  C,  or  the  arc  of  longitude  described  between  the  ascending  and  the 
descending  node,  is  somewhat  less  than  180^.  It  then  porsues  its  conno 
below  the  ecliptic,  along  the  curve  C  D  E,  and  rises  again  above  it,  not  at 
the  point  c,  diametrically  opposite  to  C,  but  at  a  point  E,  less  advanced  in 
longitude.  On  the  whole,  then,  the  arc  described  in  longitude  between 
two  consecutive  passages  from  south  to  north,  through  the  plane  of  the 
ecliptic,  falls  short  of  360^  bj  the  angle  A  0  E ;  or,  in  other  words,  the 
ascending  node  appears  to  have  retreated  in  one  lunation  oh  the  plane  of 
the  ecliptic  bj  that  amount  To  complete  a  sidereal  revolution^  then,  it 
must  still  go  on  to  describe  an  arc,  E  F,  on  its  orbit,  which  will  no  longer, 
however,  bring  it  exactly  back  to  A,  but  to  a  point  somewhat  above  it,  or 
having  north  latitude. 

(408.)  The  actual  amount  of  this  retreat  of  the  moon's  node  is  about 
8'  10''*64  per'  diem,' on  an  average,  and  in  a  period  of  6793*89  meia 
solar  days,  or  about  18*6  years,  the  ascending  node  is  carried  round  in  a 
direction  contrary  to  the  moon's  motion  in  its  orbit  (or  from  east  to  west) 
over  a  whole  circumference  of  the  ecliptic.  Of  course,  in  the  middle  of 
this  period  the  position  of  the  orbit  must  have  been  precisely  revened 
from  what  it  was  at  the  beginning.  Its  apparent  path,  then,  will  lie 
among  totally  different  stars  and  constellations  at  different  parts  of  this 
period ;  and  this  kind  of  spiral  revolution  being  continually  kept  op^  it 
will,  at  one  time  or  other,  cover  with  its  disc  every  point  of  the  heavens 
within  that  limit  of  latitude  or  distance  from  the  ecliptic  which  its  inclina- 
tion permits;  that  is  to  say,  a  belt  or  zone  of  the  heavens,  of  10°  18'  in 
breadth,  having  the  ecliptic  for  its  middle  line.  Nevertheless,  it  still 
remains  true  that  the  actual  2}larc  of  the  moon,  in  consequence  of  this 
motion,  deviates  in  a  single  revolution  vciy  lifflc  from  vphat  it  would  be 
were  the  nodes  at  rest.  Supposing  the  moon  to  set  out  from  its  node  A, 
its  latitude,  when  it  comes  to  F,  having  completed  a  revolution  in  longi- 
tude, will  not  exceed  8';  which,  though  small  in  a  single  revolution, 
accumulates  in  its  effect  in  a  succession  of  many  :  it  is  to  account  for,  and 
represent  geometrically,  this  deviation,  that  the  motion  of  the  nodes  is 
devised. 

(409.)  The  moon's  orbit,  then,  is  not,  strictly  speaking,  an  ellipse 
returning  into  itself,  by  reason  of  the  variation  of  the  plane  in  which  it 
lies,  and  the  motion  of  its  nodes.  But  even  laying  aside  this  considera- 
tion, the  axis  of  the  ellipse  is  itself  constantly  changing  its  direction  in 
space,  as  has  already  been  stated  of  the  solar  ellipse,  but  much  more 
rapidly;  making  a  complete  revolution,  in  the  same  direction  with  the 
moon's  own  motion,  in  3232-5753  mean  solar  days,  or  about  nine  years, 
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king  about  8^  of  angular  motion  in  a  whole  revolution  of  the  moon. 

Hus  is  a  phenomenon  known  by  the  name  of  the  revolution  of  the  moon's 
tftidet,  Its  cause  will  be  hereafter  explained.  Its  immediate  effect  is 
to  prodoce  a  variation  in  the  moon's  distance  from  the  earth,  which  is  not 
iadnded  in  the  bws  of  exact  elliptic  motion.  In  a  single  revolution  of 
tbe  nooa,  this  variation  of  distance  is  trifling ;  but  in  the  course  of  many 
it  beoomea  oonsidenible,  as  is  easily  seen,  if  we  consider  that  in  four  years 
Md  a  half  the  position  of  the  axis  will  be  completely  reversed,  and  the 
ipogee  €i  the  moon  will  occur  where  the  perigee  occurred  before. 

(410.)  The  best  way  to  form  a  distinct  conception  of  the  moon's  motion  ^^ 
ii  to  r^ard  it  as  describing  an  ellipse  about  the  earth  in  the  focus,  and, 
•t  the  same  time,  to  regard  this  ellipse  itself  to  be  in  a  twofold  state  of 
mdatioii  f  1st,  in  its  own  plane,  by  a  continual  advance  of  its  axis  in 
tkt  plane ;  and  2dly,  by  a  continual  tilting  motion  of  the  plane  itself, 
eaetfy  similar  to,  but  much  more  rapid  than,  that  of  the  earth's  equator  _ 
produced  by  the  oonical  motion  of  its  axis  described  in  art.  317. 

(411.)  As  the  moon  is  at  a  very  moderate  distance  from  us  (astronomi- 
cdly  quaking),  and  is  in  &ct  our  nearest  neighbour,  while  the  sun  and 
iltts  are  in  oomparison  immensely  beyond  it,  it  must  of  necessity  happen, 
tkt  at  one  time  or  other  it  must^>aM  over  and  occult  or  eclipse  every  star 
ind  planet  within  the  zone  above  described  (and,  as  seen  from  the  surface 
of  the  earth,  even  somewhat  beyond  it,  by  reason  of  parallax,  which  may 
throw  it  af^parently  nearly  a  degree  either  way  from  its  place  as  seen  from 
the  centre,  according  to  the  observer's  station).  Nor  is  the  sun  itself 
exempt  from  being  thus  hidden,  whenever  any  part  of  the  moon's  disc, 
m  this  her  tortuous  course,  comes  to  overlap  any  part  of  the  space  occu- 
pied in  the  heavens  by  that  luminary.  On  these  occasions  is  exhibited 
the  most  striking  and  impressive  of  all  the  occasional  phenomena  of 
iitronomy,  an  eclipse  of  the  sun,  in  which  a  greater  or  less  portion,  or 
eren  in  some  rare  conjunctures  the  whole,  of  its  disc  is  obscured,  and,  as  it 
were,  obliterated,  by  the  superposition  of  that  of  the  moon,  which  appears 
upon  it  as  a  circularly-terminated  black  spot,  producing  a  temporary  dimi- 
BQtion  of  daylight,  or  even  nocturnal  darkness,  so  that  the  stars  appear  as 
if  at  midnight.  In  other  cases,  when,  at  the  moment  that  the  moon  is 
eeatndly  superposed  on  the  sun,  it  so  happens  that  her  distance  from 
the  earth  is  such  as  to  render  her  angular  diameter  less  than  the  sun's, 
the  very  singular  phenomenon  of  an  annular  solar  eclipse  takes  place, 
when  the  edge  of  the  sun  appears  for  a  few  minutes  as  a  narrow  ring  of 

light,  projecting  on  all  sides  beyond  the  dark  circle  occupied  by  the  moon 
j     in  its  centre. 

(412.)  A  solar  eclipse  can  only  happen  when  the  sun  and  moon  are  in 
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conjunctiatif  that  is  to  say,  haTe  the  samey  or  nearly  the  same,  poritioo  m 
the  bei^vens,  or  the  same  lon^tude.  It  appears  by  art  409  that  tUs 
conditioD  can  only  be  fulfilled  at  the  time  of  a  new  moon,  though  it  by  m 
means  follows,  that  at  every  conjonction  there  muU  be  an  eelipfle  of  the 
snn.  If  the  lunar  orbit  coincided  with  the  ediptio,  this  would  be  tiii 
case,  but  as  it  is  inclined  to  it  at  an  angle  of  upwards  of  5^,  it  is  evidcat 
that  the  conjunction,  or  equality,  of  longitudes,  may  take  place  when  the 
moon  is  in  the  part  of  her  orbit  too  remote  from  the  eclipdo  to  permit  tiM 
discs  to  meet  and  overlap.  It  is  easy,  however,  to  aangn  the  Umifti 
within  which  an  eclipse  is  possible.  To  this  end  we  must  oonsidery  thal^ 
by  the  effect  of  parallax,  the  moon's  apparent  edge  may  be  thrown  k 
any  direction,  according  to  a  spectator's  geographical  station,  by  an§^ 
smount  not  exceeding  the  horizontal  parallax.  Now,  this  oomes  to  At 
same  (so  far  as  the  possibility  of  an  eclipse  is  oonoemed)  as  if  the  a^ 
parent  diameter  of  the  moon,  seen  from  the  earth's  oentre,  were  diluted 
by  twice  its  horizontal  parallax;  for  if,  when  so  dilated,  it  eao  taoiA  of 
overlap  the  sun,  there  must  be  an  eclipse  at  9ome  part  or  other  of  the 
earth's  surface.  If,  then,  at  the  moment  of  the  nearest  conjoiietioni  At 
geocentric  distance  of  the  centres  of  the  two  luminariee  do  not  exeeed  the 
sum  of  their  semidiameters  and  of  the  moon's  horizontal  parallax,  then 
will  be  an  eclipse.  This  sum  is,  at  its  maximum,  about  I^  d4'  27''.  Li 
the  spherical  triangle  S  N  M,  then,  in  which  S  is  the  sun's  centre,  M  the 
moon'S;  S  N  the  ecliptic,  M  N  the  moon's  orbit,  and  N  the  node,  we  may 

Fig.  58. 


suppose  the  angle  N  S  M  a  right  angle,  S  M  =  1°  34'  27",  and  the  angle 
^I  N  S  =^  5°  8'  48 ",  the  inclination  of  the  orbit.  Ilenco  we  calculate 
8  N,  which  comes  out  16°  58'.  If,  then,  at  the  moment  of  the  new 
moon,  the  moon's  node  is  farther  from  the  sun  in  longitude  than  this 
limit,  there  can  be  no  eclipse ;  if  within,  there  may,  and  probably  will,  at 
some  part  or  other  of  the  earth.  To  ascertain  precisely  whether  there 
will  or  not,  and,  if  there  be,  how  great  will  be  the  part  eclipsed,  the  solar 
ond  lunar  tables  must  be  consulted,  the  place  of  the  node  and  the  semi- 
diameters  exactly  ascertained,  and  the  local  parallax,  and  apparent  aug- 
mentation of  the  moon's  diameter  due  to  the  difference  of  her  distance 
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tool'  the  olMsrvar  sod  from  ike  centre  of  the  earth  (which  may  amoaot 
J6b  a  8uc6eth  pot  of  her  hornontal  diameter),  determined ;  after  which  it 
b  easy,  finom  the  above  oonaiderations,  to  oaloukte  the  amoant  overlapped 
of  the  two  dkbBf  aad  their  moment  of  contact. 

(418.)  The  eakidatioii  of  the  occnltation  of  a  star  depends  on  similar 
eeifteidenitioiie.  At  oconkation  is  possiUe,  when  the  moon's  ooarse,  as 
Men  firom  the  earth's  centre,  carries  her  within  a  distance  from  the  star 
eqMd  to  the  eoHft  of  her  semidiameter  and  horiiontal  parallax ,  and  it  will 
htifiptm  cU  cHfgf  pdrtiaUar  9pot,  when  her  apparent  path,  as  seen  from  that 
ifot^  earrieB  her  centre  within  a  distance  equal  to  the  snm  of  her  av^ 
teKlerf  semidiaBieier  and  a4siual  parallax.  The  details  of  these  oalcula- 
tieao,  which  are  somewhat  tronblesomcy  must  be  sought  elsewhere.' 

(414.)  The  pheBO»enoQ>  of  a  sokr  eclipse  and  of  an  occnltation  are 
U^y  hiteresting  and  instmctive  in  a  physical  point  of  yiew.  They 
ktoeh  na  that  the  mooa  is  an  opaque  body,  terminated  by  a  real  and  sharply 
deiaed  surikce  iBteroeptiag  light  like  a  solid.  They  proTC  to  us,  also, 
that  at  those  times  when  we  cannot  tee  the  moon,  she  really  exists,  and 
panuea  her  coarse^  and  tiiat  when  we  see  her  only  as  a  crescent,  however 
MUTOW,  the  whole  globular  body  ti  there,  filling  up  the  deficient  outline, 
though  nnaeen.  For  eccultations  take  place  indifierently  at  the  dark  and 
bright,  the  vkAle  and  invisible  outline,  whichever  happens  to  be  towards 
the  direction  in  which  the  moon  is  moving;  with  this  only  difference,  that 
»  star  occidted  by  the  bright  Umb,  if  the  phenomenon  be  watched  with  a 
teleaeope,  gives  notiecy  by  its  gradual  approach  to  the  visible  edge,  when 
to  expect  ita  disappearance,  while,  if  occulted  at  the  dark  limb,  if  the 
naoon,  at  least,  be  siore  than  a  few  days  old,  it  is,  as  it  were,  extinguished 
in  mid-air,  without  notice  or  visible  cause  for  its  disappearance,  which,  as 
U  happens  intkuUaneouafyy  and  without  the  slightest  previous  diminutioQ 
of  its  light,  is  always  surprising;  and,  if  the  star  be  a  large  and  bright 
one,  even  startling  firom  its  suddenness.  The  re-appearance  of  the  star, 
too,  when  the  moon  has  passed  over  it,  takes  place  in  those  cases  when 
the  bright  side  of  the  moon  is  foremost,  not  at  the  concave  outline  of  the 
oreaoent,  but  at  the  invisible  outline  of  the  complete  circle,  and  is  scarcely 
Borprising,  firom  its  soddenness,  than  its  disappearance  in  the  other  \ 


*  WoodhouM*!  Aitroii6iBy,  vol.  i.    See  also  Trans.  Ast.  Soc  vol.  L  p.  325. 

*  There  it  an  opUoal  iUamm  of  a  Tery  itranfo  and  anteooimtable  natura  which  has 
eftan  been  remarked  in  oceultationa.  The  afar  appeara  to  advance  actually  upon  and 
wiikm  the  edge  of  the  diae  before  it  diaappeara.  and  that  aonietimea  to  a  cooeiderablo 
daprfl.  I  have  never  royaelf  witneaaed  thia  aingular  efiect,  but  it  reatc  on  moat  nne* 
faivocal  leatiroony.  I  Iwve  called  it  an  optical  illnaaon ;  bat  it  ia  hardy  po§aibU  that  a 
star  may  ahine  oo  aueh  occasioiif  through  deep  fiaaurea  in  the  subaiaaee  of  the  mooik 
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(415.)  The  existence  of  the  complete  circle  of  the  disc,  eyen  whei 
the  moon  is  not  full,  does  not,  however,  rest  only  on  the  evidence  of 
occultations  and  eclipses.  It  may  be  seeriy  when  the  moon  is  crescent  or 
waning,  a  few  days  before  and  after  the  new  moon,  with  the  naked  eyo^ 
as  a  pale  round  body,  to  which  the  crescent  seems  attached,  and  some- 
what projecting  beyond  its  outline  (which  is  an  optical  illosion  arising 
from  the  greater  intensity  of  its  light.)  The  cause  of  this  appearance 
will  presently  be  explained.  Meanwhile  the  fact  is  sufficient  to  show 
that  the  moon  is  not  inherently  luminous  like  the  sun,  but  that  her  light 
is  of  an  adventitious  nature.  And  its  crescent  form,  increasing  regulariy 
from  a  narrow  semicircular  line  to  a  complete  circular  disc,  corresponds  te 
the  appearance  a  globe  would  present,  one  hemisphere  of  which  WM 
black,  the  other  white,  when  differently  turned  towards  the  eye,  no  aa  to 
present  a  greater  or  less  portion  of  each.  The  obvious  conclusion  fion 
this  is,  that  the  moon  is  such  a  globe,  one  half  of  which  is  brightened  bj 
the  rays  of  some  luminary  sufficiently  distant  to  enlighten  the  oomphltt 
hemisphere,  and  sufficiently  intense  to  give  it  the  degree  of  splendour  we 
see.  Now,  the  sun  alone  is  competent  to  such  an  effect.  Its  distanei 
and  light  suffice ;  and,  moreover,  it  is  invariably  observed  that,  when  a 
crescent,  the  bright  edge  is  towards  the  sun,  and  that  in  proportion  M 
the  moon  in  her  monthly  course  becomes  more  and  more  distant  from  the 
sun,  the  breadth  of  the  crescent  increases,  and  vice  versdf^ 

(41 C.)  The  sun's  distance  being  23984  radii  of  the  earth,  and  the 
moon's  only  GO,  the  former  is  nearly  400  times  the  latter.  Lines,  there- 
fore, drawn  from  the  sun  to  every  part  of  the  moon's  orbit  may  be 
regarded  as  very  nearly  parallel.'  Suppose,  now,  0  to  be  the  earth, 
A  13  C  D,  &c.  various  positions  of  the  moon  in  its  orbit,  and  S  the  sun, 
at  the  vast  distance  above  stated ;  as  is  shown,  then,  in  the  figure,  the 
hemisphere  of  the  lunar  globe  turned  towards  it  (on  the  right)  will  be 
bright,  the  opposite  dark,  wherever  it  may  stand  in  ita  orbit.  Now,  in 
the  position  A,  when  in  conjunction  with  the  sun,  the  dark  part  is 
entirely  turned  towards  0,  and  the  bright  from  it.     In  this  case,  then, 

The  occultations  of  close  double  stars  ought  to  bo  narrowly  watched,  to  see  whether 
both  individuals  are  thus  projected,  as  well  as  for  other  purposes  connected  with  their 
theory.  I  will  only  hint  bt  one,  viz.  that  a  double  star,  too  close  to  be  seen  divided 
with  any  telescope,  may  yet  be  detected  to  be  double  by  the  mode  of  its  disapppear- 
ance.  Should  a  considerable  star,  for  instance,  instead  of  undergoing  instantaneous 
and  complete  extinction,  go  out  by  two  distinct  steps,  following  close  upon  each  other; 
first  losing  a  portion,  then  the  whole  remainder  of  its  light,  we  may  be  sure  it  is  a 
double  star,  though  we  cannot  see  the  individuals  separattily. — Note  to  the  edit,  of  1833, 
*■  The  angle  subtended  by  the  moon's  orbit,  as  seen  from  the  sun,  (in  the  mean  state 
of  things,)  is  only  17'  12". 
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Fig.  59. 
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fhe  moon  is  not  seen,  it  is  new  moon.  When  the  moon  has  come  to  C, 
halt  the  bright  and  half  the  dark  hemisphere  are  presented  to  0,  and  the 
nine  in  the  opposite  situation  0 :  these  are  the  first  ^d  third  quarters 
of  the  moon.  Lastly,  when  at  E,  the  whole  bright  face  is  towards  the 
earth,  the  whole  dark  side  from  it,  and  it  is  then  seen  wholly  bright  or 
/ittt  moon.  In  the  intermediate  positions  B  D  F  H,  the  portions  of  the 
bright  face  presented  to  0  will  be  at  first  less  than  half  the  visible  sur- 
bee,  then  greater,  and  finally  less  again,  till  it  vanishes  altogether,  as  it 
onoes  round  again  to  A. 

(417.)  These  monthly  changes  of  appearance,  or  phasesj  as  they  are 
ealbd,  arise,  then,  from  the  moon,  an  opaque  body,  beiug  illuminated  on 
one  nde  by  the  sun,  and  reflecting  from  it,  in  all  directions,  a  portion  of 
Ae  light  so  received.  Nor  let  it  be  thought  surprising  that  a  solid  sub- 
iteaoe  thus  illuminated  should  appear  to  Mne  and  again  illuminate  the 
Bsrth.  It  is  no  more  than  a  white  cloud  does  standing  off  upon  the  clear 
blue  sky.  By  day,  the  moon  can  hardly  be  distinguished  in  brightness 
finom  such  a  cloud ;  and,  in  the  dusk  of  the  evening,  clouds  catching  the 
last  rays  of  the  sun  appear  with  a  dazzling  splendour,  not  inferior  to  the 
seeming  brightness  of  the  moon  at  night'  That  the  earth  sends  also 
meh  a  light  to  the  moon,  only  probably  more  powerful  by  reason  of  its 
greater  apparent  size*,  is  agreeable  to  optical  principles,  and  expkins  the 

-  *  The  acciial  iUmniiiatkiii  of  the  lunar  surface  is  not  much  superior  to  that  of  weathered 
nadsUNie  rock- in  fiill  sonehine.  I  have  frequently  compared  the  moon  setting  behind 
Ibt  grey  perpendicular  facade  of  the  Table  Mountain,  illuminated  by  the  sun  just  risen 
in  the  opposite  quarter  of  the  horizon,  when  it  has  been  scarcely  distinguishable  in 
btiffatness  from  the  rock  in  contact  with  it  The  sun  and  moon  being  nearly  at  equal 
iltkedse  and  the  atmosphere  perfectly  free  from  doad  or  fapotir,  its  eflect  is  alike  oa 
bock  laminaries.  (H.  1848). 

*Tba  apparent  diameter  of  the  moon  b  32'  from  the  earth;  that  of  the  earth  seen 
from  the  moon  is  twice  her  horizontal  parallax,  or  1®  54'.  The  apparent  ■orfroest 
liMefore,  art  as  (114f  t  (SD**  or  m  13 1 1  nearly. 
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appearance  of  the  dark  portion  of  the  young  or  waning  moon  completiog 
its  crescent  (art.  413)t  For,  when  the  moon  is  nearly  new  to  the  euiiii 
the  latter  (so  to  speak)  is  nearly  full  to  the  former;  it  then  illuminates  its 
dark  half  hy  strong  earih4ight ;  and  it  is  a  portion  of  this,  reflected  hack 
again,  which  makes  it  visible  to  us  in  the  twilight  diy.  As  the  moon 
gains  age,  the  earth  offers  it  a  less  portion  of  its  bright  side^  and  the  phe- 
nomenon in  question  dies  away. 

(418.)  The  lunar  month  is  determined  by  the  vecmience  of  its  phases: 
it  reckons  from  new  moon  to  new  moon ;  that  is,  firom  Jeaving  its  oonjane- 
tion  with  the  sun  to  its  return  to  conjunction.  If  tbe  sun  stood  still,  like 
a  fixed  star,  the  interval  between  two  conjuncUons  would  be  the  same  as 
the  period  of  the  moon's  sidereal  revolution  (art  401)  j  but^.as  the  sv9 
apparently  advances  in  the  heavens  in  the  same  direction  with  the  moooi 
only  slower,  the  latter  has  more  than  a  complete  sidereal  period  to  perfom 
to  come  up  with  the  sun  again,  and  will  require  for  it^  lopger  time,  whioh 
b  the  lunar  month,  or,  as  it  is  generally  termed  in  astronomy,  a  sj^nodical 
period.  The  difference  is  easily  calculated  by  considering  that  the  super- 
fluous arc  (whatever  it  be)  is  described  by  the  sun  with  the  velocity  of 
0^*98565  per  diemj  in  the  tame  time  that  the  moon  describes  that  std 
plxu  a  complete  revolution,  with  her  velocity  of  13^*17640 per  diem;  and, 
the  times  of  description  being  identical,  the  spaces  are  to  each  other  in  the 
proportion  of  the  velocities.  Let  Y  and  v  be  the  meau  angular  velocities 
X  the  superfluous  arc;  then  V  :  y  : :  1  +  x  :x;  and  V  —  y  :  v  : :  1  :  x, 

whence  x  is  found,  and  —  =  the  time  of  describing  x,  or  the  difference  of 

the  sidereal  and  synodical  periods.  From  these  data  a  slight  knowledge 
of  arithmetic  will  suffice  to  derive  the  arc  in  question,  and  the  time  of  its 
description  by  the  moon ;  which  being  the  excess  of  the  synodic  over  the 
sidereal  period,  the  former  will  be  had,  and  will  appear  to  be  29*  12' 
44-  2-87. 

(419.)  Supposing  the  position  of  the  nodes  of  the  moon's  orbit  to 
permit  it,  when  the  moon  stands  at  A  (or  at  the  new  moon),  it  will  inter- 
ccpt  a  part  or  the  whole  of  the  sun's  rays,  and  cause  a  solar  eclipse.  On 
the  other  hand,  when  at  E  (or  at  the  full  moon),  the  earth  0  will  inter- 
cept the  rays  of  the  sun,  and  cant  a  shadow  on  the  moon,  thereby  causing 
a  lunar  eclipse.  And  this  is  perfectly  consonant  to  fact,  such  eclipses 
never  happening  but  at  the  exact  time  of  the  full  moon.  But,  what  is 
still  more  remarkable,  as  confirmatory  of  the  position  of  the  earth's  sphe- 
ricity, this  shadow,  which  we  plainly  see  to  enter  upon  and,  as  it  were, 
eat  away  the  disc  of  the  moon,  is  always  terminated  by  a  circular  outline, 
though,  from  the  greater  ii2e  of  the  circle,  it  is  only  partially  seen  at  ai^ 


BQLAm  AND  LUKAB  BGIiIPSB^. 


228 


l»e  time.    Now,  a  body  which  alwajs  casta  a  eiitmlnr  shadow  must  itself 
be  Bpherioal. 

(420.)  EeHpses  of  the.siiQ  are  best  understood  by  regarding  the  sua 
and  moon  as  two. independent  luminaries,  each  moving  according  to  known 
lawsy  and  viewed  firom  the  earth :  bat  it  is  also  instructive  to  consider 
aol^pses  genendlj  as  arising  from  the  shadow  of  one  body  thrown  on  ano- 
4her  by  a  luminary  much  larger  than  either.  Suppose  then,  A  B  to 
iqMPeseot  the  sun,  and  C  D  a  spherical  body,  whether  earth  or  moon,  ilia- 
jminated  by  it  If  we  join  and  prolong  A  C,  B  D ;  since  A  B  is  greater 
Aaa  C  D|  these  lines  will  meet  in  a  point  E,  more  or  less  distant  from 
ibe  body  OD,  aecovding  to  its  size,  and  within  the  space  CED  (which 
fiiepreaentB  a  oone,!sinoe  C  D  and  A  6  are  spheres),  Uiere  will  be  a  total 
.shadow.  This  shadow  is  called  the  umbra,  and  a  q^tator  situated  within 
ii  ean  see  no  part  of  the  sun's  disc.    Beyond  the  umbra  are  two  diverging 

Fig.  60. 


(or  rather,  a  portion  of  a  single  conical  spaae,  having  K  for  its 

vertex),  where  if  a  spectator  be  situated,  as  at  H,  he  will  see  a  portion 

only  (A  0  N  P)  of  the  sun's  sur&ce,  the  rest  (B  0  N  P)  being  obscured 

bj  the  earth.     He  will,  therefore,  receive  only  partial  sunshine ;  and  the 

more,  the  nearer  he  is  to  the  exterior  borders  of  that  cone  which  is  callad 

Hiepenumhra.    Beyond  this  he  will  see  the  whole  sun,  and  be  in  full 

illumination.     All  these  circumstances  may  be  perfectly  well  shown  by 

holding  a  small  globe  up  in  the  sun,  and  receiving  its  shadow  at  different 

distances  on  a  sheet  of  paper. 

(421.)  In  a  lunar  eclipse  (represented  in  the  upper  figure),  the  moon 

is  seen  to  enter'  ihej)enumbra  first,  and,  by  degree*,  get  involved  in  the 

umbrOf  the  former  bordering  the  latter  like  a  smoky'haie.  At  this  period 

of  the  eclipse,  and  while  yet  a  considerable  part  of  the  moon  remains 

'  The  actual  contact  with  the  penanil)ra  ia  never  aren ;  the  defalcation  of  light  comes 
-#Q  •ove.f  gmdaally  that  it  is  m(  till  when  aliwdf  daafrff  asMMMadrihat  it  ia  perceived 
«»%•  eanaibly  darkaaed. 
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nnobscured^  the  portion  involved  in  the  nmbra  is  invisible  to  the  naked 
eye,  though  still  perceptible  in  a  telescope,  and  of  a  dark  grey  hae.  But 
as  the  eclipse  advances,  and  the  enlightened  part  diminishes  in  extenty  and 
grows  gradually  more  and  more  obscured  by  the  advance  of  the  penwndyra^ 
the  eye,  relieved  firom  its  glare,  becomes  more  sensible  to  feeble  impres- 
sions of  light  and  colour;  and  phenomena  of  a  remarkable  and  instmo- 
tive  character  begin  to  be  developed.  The  umbra  is  seen  to  be  very  fast 
firom  totally  dark :  and  in  its  faint  illumination  it  exhibits  a  gradation  of 
colour,  being  bluish,  or  even  (by  contrast)  somewhat  greenish,  towards 
the  borders  for  a  space  of  about  4'  or  5'  of  apparent  angular  breadtH 
inwards,  thence  passing,  by  delicate  but  rapid  gradation,  through  rose  red 
to  a  fiery  or  copper-coloured  glow,  like  that  of  dull  red-hot  iron.  As 
the  eclipse  proceeds  this  glow  spreads  over  the  whole  surfiuse  of  the  moon, 
which  then  becomes  on  some  occasions  so  strongly  illuminated,  as  to  cast 
a  very  sensible  shadow,  and  allow  the  spots  on  its  surface  to  be  perfectly 
well  distinguished  through  a  telescope. 

(422.)  The  cause  of  these  singular,  and  sometimes  very  beautiful 
appearances,  is  the  refraction  of  the  sun's  light  in  passing  through  our 
atmosphere,  which  at  the  same  time  becomes  coloured  with  the  hues  of 
sunset  by  the  absorption  of  more  or  less  of  the  violet  and  blue  rayS|  as  it 
passes  through  strata  nearer  or  more  remote  from  the  earth's  sur&oey  and 
therefore,  more  or  less  loaded  with  vapour.  To  show  this,  let  A  D  a  be 
a  section  of  the  cone  of  the  umbra,  and  F  B  hf  of  the  penumbra ,  through 
their  common  axis  D  E  S,  passing  through  the  centres  E  S  of  the  earth 
and  sun,  and  let  K  M  k  be  a  section  of  these  cones  at  a  distance  E  M  from 
E,  equal  to  the  radius  of  the  moon's  orbit,  or  60  radii  of  the  earth.* 
Taking  this  radius  for  unity,  since  E  S,  the  distance  of  the  sun,  is  23984, 
and  the  semidiametcr  of  the  sun  111  J-  such  units,  we  readily  calculate 
D  E=218,  D  M  =  158,  for  the  distances  at  which  the  apex  of  the  r/eome- 
trical  umbra  lies  behind  the  earth  and  the  moon  respectively.  We  also 
find  for  the  measure  of  the  angle  E  D  B,  15'  46",  and  therefore  D  B  E= 
89°  44'  14",  whence  also  we  get  M  C  (the  linear  semidiaraeter  of  the 
wmira)=0'725  (or  in  miles  2864),  and  the  angle  CEM,  its  apparent 
angular  semidiametcr  as  seen  from  E=4r  30".  And  instituting  similar 
calculations  for  the  geometrical  penumbra  we  get  M  K=1005  (3970 
miles),  and  K  E  M  57'  36";  and  it  may  be  well  to  remember  that  the 
doubles  of  these  angles,  or  the  mean  angular  diameters  of  the  umbra  and 
penumbra y  are  described  by  the  moon  with  its  mean  velocity  in  2*  43", 
and  3**  47"  respectively,  which  are  therefore  the  respective  durations  of 

*■  The  figure  is  unavoidably  drawn  out  of  all  proportion,  and  the  angles  violently 
exaggerated.    The  reader  should  endeavour  to  draw  the  figure  in  its  true  proportionab 


tta  total  and  partial  obscuration  of  any  one  point  of  the  moon's  disc  ii 
tnnrnng  oentnilly  tho  geometrical  shadow. 

(428.)  Were  the  eartli  devoid  of  atmosphere,  the  whole  of  the  phe- 
nomena of  a  Intiar  eclipse  would  consist  in  these  partial  or  total  obscnra- 
troiu.  Within  the  space  C  e  the  whole  of  the  light,  and  within  K  C  and 
ejfc  a  greater  or  less  portion  of  it,  would  be  intercepted  by  the  solid  body 
B  &  of  the  earth.  The  refracting  atmosphere,  however,  eztenda  from 
B,  ^  to  a  certun  unknown,  hnt  very  small  distance  6  II,  fi  A,  which,  acting 
M  a  eoDvex  lens,  of  gradually  (and  very  rapiJly)  decreasing  density,  dis- 
penes  all  that  compaiadvely  small  portion  of  light  which  falls  upon  it 
over  a  apace  bounded  exlcmally  by  H  y,  parallel  and  very  nearly  coioci- 
doit  with  B  V,  and  internally  by  a  line  B  z,  the  former  representing  the 
extreme  exterior  ray  from  the  limb  a  of  the  sun,  the  latter,  the  extreme 
interior  ray  from  the  limb  A.  To  avoid  complication,  however,  we  will 
trace  only  the  courses  of  rays  which  just  grasc  the  snrlace  at  B,  vit:  B« 
bom  the  upper  border.  A,  and  B  v  from  the  lower,  a,  of  the  sun.  Each 
of  these  raye  is  bent  inwards  from  its  original  course  by  douMe  the 
amoant  of  the  horiiontal  refraction  (33')  i.  e.  by  1°  6',  because,  in 
famng  from  B  out  of  Uie  Btmosphere,  it  undergoes  a  deviation  equal  to 
that  at  entering,  and  in  the  same  direetion.  Instead,  therefore,  of  pur- 
■DiDg  the  courses  B  D,  B  F,  these  rays  respectively  will  occupy  the  posi- 
tions Bzy,  B  v,  making,  with  the  aforesaid  lines,  the  angles  DB&,  FBv, 
eadi  1^  fC.  Now  we  have  fbund  DB£=  89°  44'  14"  and  theiefon 
15 


;^S^  OUTLINES   OF  ASTItONOHT. 

FBE(=DBE+  angular  diam.  of  q)  =  90"  17'  17",  copswjuerillj 
the  angles  E  By  and  E  B  t-  vrill  be  respcotiYely  88"  38'  14"  and  89"  11') 
17''  from  wbich  we  oonclado  E  s  =  -i'i'OS  sod  E  i-  =  8889,  the  fonner 
falling  ihort  of  the  moon's  orbit  by  17-07,  and  the  latter  surpassing  it  by 
28-89  radii  of  the  earth. 

(424.)  The  penumbra,  therefore,  of  rOjs  refracted  at  B,  will  be  spreid 
over  the  space  i'  B  y,  that  at  H  over  ^  H  </,  and  at  the  intcrmcdiata 
poinU,  over  BimiW  iolennediute  spaces,  and  through  this  eoropmind  of 
BDperposed  ponumbreo  the  luooa  passes  during  the  whole  of  its  path 
through  the  geometrical  shadow,  never  nttninicg  the  rthwiute  umbra 
B  I  &  at  all.  Without  going  into  detail  as  to  the  intensity  of  the 
refracted  raje,  it  is  crident  that  the  totality  of  light  go  thrown  iato  the 
shadow  is  to  that  which  the  earib  intercepts,  as  the  area  of  a  circular 
section  of  the  atmosphere  Xa  that  of  a  diametrical  section  of  the  earth 
iUelf,  and,  therefore,  at  all  events  but  feeble.  And  it  is  still  further 
enfeebled  bj  actual  clouds  suapenilcd  in  that  porfion  of  the  air  which 
forms  the  visible  border  of  the  earth's  disc  as  seen  from  the  moon,  u 
veil  as  by  ibe  general  want  of  transparency  caused  by  invisible  vapour, 
which  is  especially  effective  in  the  lowermost  straLi,  within  three  or  four 
miles  of  the  surface,  and  wbich  will  impart  to  all  the  rays  thoy  transmit, 
the  ruddy  hue  of  sunset,  only  of  double  the  depth  of  tint  which  wo 
admire  in  our  glowing  sunsets,  by  reason  of  tho  rtiys  having  to  tnverw 
twice  as  great  a  thickness  of  atniosphiTC,  This  rp<!nesH  will  be  most 
intense  at  the  points  x,  y,  of  the  moon's  path  through  the  umbra,  wd 
will  thence  degrade  very  rapidly  outwardly,  over  the  spaces  x  e,  y  Q,  Isbb 
so  inwardly,  over  x  y.  And  at  C,  c,  its  hue  will  be  mingled  with  the 
bluish  or  greenish  light  which  the  atmosphere  scatters  by  irregular  dt*- 
persion,  or  in  other  words  by  onr  tieilight  (art.  44).  Nor  will  the  pbe- 
SomcnoD  be  uniformly  coDsptcaaua  at  all  times.  Supposing  a  generally 
and  deeply  clouded  slate  of  the  atmosphere  around  the  edge  of  the  eartli'a 
disc  visible  from  the  moon  (i.  e.  around  that  great  circle  of  the  earth,  in 
which,  at  the  moment  the  sun  is  in  the  horieon,)  little  or  no  refraoted 
light  may  reach  the  moon.'  Supposing  that  circle  partly  clouded  and 
partly  clear,  patches  of  red  light  corresponding  to  the  dear  portions  will 
be  thrown  into  the  umbra,  and  may  give  rise  to  various  and  changeable 
distributions  of  light  on  the  eclipsed  disc;'  while,  if  entirely  cleu",  tbe 
eclipse  wUl  be  remarkable  for  the  conspicuousness  of  the  moon  dniing 
ibe  whole  or  a  part  of  Ste  imm«sion  in  the  umbra.*  y 

'AaialhsKlipMioT  Junes.  IE20,  April  22.  Ifi42.    Luliuida,  Ail.  1769. 

*  Ai  in  Ibe  eclipM  of  Ocl.  13,  1837.  obterved  by  (he  luihor. 

■  Aa  in  thu  oT  March  19,  tSIS.  whrnihe  moon  i«  dcacribed  u  giviag  "{ood  light" 
Aailat  non  chvi  an  hoar  after  iH  total  innMiwm,  and  si 
ila  beniK  oelipaed.    'Notion  of  R.  At.  Sac.  viiL  p.  133.) 
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(425.)  9^i>8  ^  ^^  CF^^  ^^  ^  ^®  earth,  the  cone  of  its  umbra 
alwajs  projects  fax  bejOD4  the  moon ;  so  that,  if,  at  the  time  of  a  lunar 
eelipsoi  the  moon's  path  be  properly  directed,  it  is  sure  to  pass  through 
the  umdmi.  This  is  not,  however,  the  case  in  solar  eclipses.  It  so 
happens,  firom  the  adjustment  of  the  size  and  distance  of  the  moon,  that 
the  extiemitj  of  her  umbra  alwajs  falls  near  the  earth,  Jbut  sometimes 
attains  and  sometimes  falls  short  of  its  surface.  In  the  former  case 
(lepreaented  in  the  lower  figure  art  420)  a  black  spot,  surrounded  bj  a 
fiunter  shadow,  is  formed,  beyond  which  there  is  no  eclipse  on  any  part 
dt  the  earth,  but  within  which  there  may  be  either  a  total  or  partial  one, 
as  the  spectator  is  within  the  umbra  or  penumbra.  When  the  apex  of 
Aba  umbra  fidls  ota  the  sur&ce,  the  moon  at  that  point  will  appear,  for  an 
instaat,  to  juU  cover  the  sun )  but,  when  it  falls  short,  there  will  be  no 
(kolal  edipse  on  any  part  of  the  earth ;  but  a  spectator,  situated  in  or  near 
Ihe  prolongation  of  the  axis  of  the  cone,  will  see  the  whole  of  the  moon 
4m  tiie  son,  althopgh  not  large  enough  to  cover  it^  t.  e.  he  will  witness  an 
annular  eclipse. 

(426.)  Owing  to  a  remarkable  enough  adjustment  of  the  periods  in 
which  the  moon's  ^fnodical  revolution,  and  that  of  her  nodes,  are  per- 
finrmed,  eclipees  return  after  a  certain  period,  very  nearly  in  the  same 
order  and  of  the  same  magnitude.  For  223  of  the  moon's  mean  synodi> 
eal  revolutions,  or  lunaHoMj  as  they  are  called,  will  be  found  to  occupy 
d585'82  days,  and  nineteen  complete  synodical  revolutions  of  the  node  to 
oaenpy  6585-78.  The  difference  in  the  mean  position  of  the  node,  theOi 
a*  the  b^;inning  and  end  of  223  lunations,  is  aearly  insensible  ]  so  that 
a  reoorrenoe  of  all  eclipses  within  that  interval  must  take  place.  Accord- 
ingly, this  period  of  223  lunations,  or  eighteen  years  and  ten  days,  is  a 
vary  important  one  in  the  calculation  of  eclipses.  It  is  supposed  to  have 
been  known  to  the  Chaldeans,  the  earliest  astronomers,  the  regular  return 
of  eelipaes  having  been  known  as  a  physical  &et  for  ages  before  their 
axaot  theory  was  understood.  In  this  period  there  ooonr  ordinarily  70 
adipses,  29  of  the  moon  and  41  of  the  sun,  vidUe  in  some  part  of  the 
earth.  'Seven  eclipses  of  either  sun  or  moon  at  mos^  and  two  at  least 
(both  of  the  sun,)  may  occur  in  a  year. 

(427.)  The  commencement,  duration,  and  magnitude  of  a  lunar  elipee 
HO  much  more  easily  oalculated  than  those  of  a  solar,  being  independent 
of  ihe  position  of  the  spectator  on  Ae  earth's  svrface^  and  the  same  as  if 
viewed  from  its  centre.  The  common  centre  of  the  umbra  and  penumbra 
liea  always  in  the  ecliptic,  at  a  point  opposite  to  the  snti,  and  the  path 
deaeribed  by  the  moon  in  passing  through  it  is  its  true  orbit  as  it  stands 
at  the  moment  of  the  full  moon.    In  this  orbits  its  positioo,  at  oveij 
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-nown  from  the  lunar  tables  and  epbemeris ;  and  all  we  hi«, 
to  ascertain,   ia,   Ihe   monuiit  vAea   tlie  distance   between  Uw 
tre  and  the  centre  of  the  shadow  is  eiaclly  equal  to  the  ran 
idiametera  of  the  moou  and  pfnnmhra,  or  of  the  moon  asd 
[DOW  wiien  it  enters  upon  and  leaves  them  respectiielj.     No 
to  can  take  place,  if,  at  the  moment  of  the  full  moon,  ibe  mm 
atcr  angular  distance  from  the  node  of  the  moon's  orbit  tbu 
caning  by  an  eclipse  the  inmersion  of  any  part  of  the  moon  ia 
as  ite  contact  with  t\^e penumbra  cannot  bo  observed  (see  noW 
). 

be  dimeasioQS  of  the  shadow,  at  the  place  where  it  crosses  the 
1,  require  us  b>  know  the  distances  of  the  sun  and  moon  at  the 
se  are  variable ;  but  are  calculated  and  set  down,  aa  wH  u 
iametcre,  for  every  day,  in  the  ephemeris,  so  that  none  of  lU 
nting.     The  sun's  distance  is  easily  calculated  from  tta  ell^ 
the  moon's  is  a  matter  of  more  difficulty,  by  reason  of  iba  pn^ 
tion  of  the  axis  of  the  lunar  orbit.  (Art.  409.)  t* 
'ho  physical  constitution  of  the  moon  is  better  known  to  1H 

— for  this  plain  reason,  we  see  the  shadows  cast  by  the  former 
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Andes.  Tlie  existenee  of  such  moaDtoins  is  further  oorrobortted  by  their 
i^pesmioe,  ss  smsll  points  or  islands  of  light  beyond  the  extreme  edge 
of  the  enlightened  ptrt^  which  are  their  tops  catching  the  sun-beams 
before  the  intermediate  phun,  and  which,  as  the  b'ght  advances,  at  length 
oonneet  themselves  with  it,  and  appear  as  prominences  from  the  general 
edge. 

(430.)  The  generality  of  the  lunar  mountains  present  a  striking  nni- 
formity  and  ungakrity  of  aspect.  They  are  wonderfully  numerous, 
especially  towards  the  Southern  portion  of  the  disc,  occupying  by  far  the 
larger  portion  of  the  surface,  and  almost  universally  of  an  exactly  circu- 
lar or  cap-shaped  form,  foreshortened,  however,  into  ellipses  towards  the 
Kmb;  but  the  larger  have  for  the  most  part  flat  bottoms  within,  frpm 
which  rises  centrally  a  small,  steep,  conical  hilL  They  offer,  in  short,  in 
ita  highest  perfection,  the  true  volcanic  character,  as  it  may  be  seen  in  the 
enter  of  Vesuvius,  and  in  a  map  of  the  volcanic  districts  of  the  Campi 
Phlegnoi '  or  the  JPuy  de  Bdme,  but  with  this  remarkable  peculiarity, 
Tis. :  that  the  bottoms  of  many  of  the  craters  are  very  deeply  depressed 
below  the  general  surface  of  the  moon,  the  internal  depth  being  often 
twiee  or  three  times  the  external  height  In  some  of  the  principal  ones, 
decisive  marks  of  volcanic  stratification,  arising  from  successive  deposits 
of  ijeoted  matter,  and  evident  indications  of  lava  currents  streaming 
outwards  in  all  directions,  may  be  clearly  traced  with  powerful  telescopes. 
(See  PL  y.  fig.  2.')  In  Lord  Rosse's  magnificent  reflector,  the  flat 
bottom  of  the  crater  called  Albategnius  is  seen  to  be  strewed  with  blocks 
aoi  visible  in  inferior  telescopes,  while  the  exterior  of  another  (Aristillus) 
is  all  hatched  over  with  deep  gullies  radiating  towards  its  centre.  What  is, 
BMireover,  extremely  singular  in  the  geology  of  the  moon  is,  that,  although 
nothing  having  the  character  of  seas  can  be  traced,  (for  the  dusky  spots, 
which  are  commonly  called  seas,  when  closely  examined,  present  appear- 
ances incompatible  with  the  supposition  of  deep  water,)  yet  there  are 
large  regions  perfectly  level,  and  apparently  of  a  decided  alluvial  chsr 
raeter. 

481.)  The  moon  has  no  clouds,  nor  any  other  decisive  indications  of 
an  atmosphere.  Were  there  any,  it  could  not  feil  to  be  perceived  in  the 
ooeoltaUons  of  stars  and  the  phsenomena  of  solar  eclipses,  as  well  as  in 
a  great  variety  of  other  phsenomena.  The  moon's  diameter,  for  example, 
as  measured  micrometrioally,  and  as  estimated  by  the  interval  between 
the  disappearance  and  reappearance  of  a  star  in  an  ocenltation,  ought  to 
by  twice  the  horiiootal  refraction  at  the  moon's  surfece.    No  appre- 


V  raet 


*  8m  Brettlak*t  nitp  of  the  environt  of  Naples,  and  Detmtreft't  of  AoTergne. 

*  From  a  drawing  taken  with  a  reflector  of  twenty  feet  fbcml  length  (A.) 
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;reiicc  being  perceived,  vfe  are  entilled  to  conclnde  the  nofr 
if  nny  atmosphere  dense  cnoiigii  to  cause  a  refraelion  of  1"  i'.  r. 
i  1980tli  part  of  the  density  of  the  tarth's  atinoHphere.     In  ( 
K,  the  existence  of  any  sensible  refracting  atmosphere  in  the 
Id  ennbie  us  to  trace  the  limb  of  the  latter  beyond  the  eaefs, 
to  the  son's  disc,  by  o  narrow,  bill  bri//i<im  line  of  Kg^t, 
to  some  diBtance  along  its  edge.     No  such  phsenomenoa  it 
ry  faint  stars  ought  to  be  extingniahed  before  occnltation,  irew 
ittble  amonnt  of  vapour  aaspended  near  the  surface  of  the  moon. 
s  not  the  case;  when  occalted  at  the  bright  edge,  indeed,  the 
e  moon  extinguishes  sroell  stars,  and  even  at  the  dirk  limb, 
in  the  alty  cansed  by  the  near  presence  of  the  moon,  rendwi 
ition  of  vry  minote  Blars  unobaervable.     But  during  the  Wtt- 
F  a  total  lunar  eclipse,  stars  of  the  tenth  and  elerenth  magat- 
'cn  to  come  up  to  the  limb,  and  undergo  rad/ien  extinction  a 
ose  of  greater  brightnesa.'     Hence,  the  elimate'of  the  mooa 
cry  estraordinary ;  tie  alternation  being  that  of  unmiligaKd 
3g  sunshine  Berccr  than  an  equatorial  noon,  continned  for  i 
night,  and  the  keenest  aevcrity  of  frost,  far  escecding  that  of 
(inters,  for  an  equal  time.     Such  a  disposition  of  things  mnsl 
constant  transfer  of  whatever  moisture  may  exist  on  its  surface, 
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repODB  of  oar  atmosphere,  never  reaching  the  surface  of  the  earth  at  all. 
Some  probability  is  given  to  this  by  the  tendency  to  disappearance 
of  doudt  under  the  /uH  moonj  a  meteorological  /acty  (for  as  such  we 
think  H  folly  entitled  to  rank*)  for  which  it  is  necessary  to  seek  a  cause, 
aod  for  which  no  other  raitiottal  explanation  seems  to  offer.  As  for  any 
other  influence  of  the  moon  on  the  weather,  we  have  no  decisive  evidence 
in  its  fitvonr. 

(483.)  A  circle  of  one  second  in  dnraeter,  as  seen  from  the  earth,  on 
the  tmrhoe  of  the  moon,  contains  about  a  square  mile.  Telescopes,  there- 
fore, most  yet  be  greatly  improved,  before  we  could  expect  to  see  signs  of 
iahabitants,  as  manifested  by  edifices  or  by  changes  on  the  surfiice  of  the 
toil.  It  should,  however,  be  observed,  that,  owing  to  the  small  density 
of  the  materials  of  the  moon,  and  the  comparatively  feeble  gravitation  of 
bodies  on  her  snrfiuse^  mnscnlar  foroe  would  there  go  six  times  as  far  in 
overcoming  the  weight  of  materials  as  on  the  earth.  Owing  to  the  want 
of  air,  however,  it  seems  impossible  that  any  form  of  life,  analogous  to 
those  on  earth,  can  subsist  there.  No  appearance  indtcating  vegetation, 
or  the  slightest  variation  of  surface,  which  can,  in  our  opinion,  fairly  be 
ascribed  to  change  of  seasoni  can  any  where  be  discerned. 

(434.)  The  lunar  summer  and  winter  arise,  in  fact,  from  the  rotation 
of  the  moon  on  its  own  axis,  the  period  of  which  rotation  is  exactly  equal 
to  its  sidereal  revolution  about  the  earth,  and  is  performed  in  a  plane  1^ 
80'  W  inclined  to  the  ecliptio,  whose  ascending  node  is  always  precisely 
eoinddent  with  the  deacending  node  of  the  lunar  orbit  So  that  the  axis 
of  rotation  describes  a  conical  sur&ce  about  the  pole  of  t&e  «oliptio  in 
'  one  revolution  of  the  node.  The  remaikable  coincidence  of  the  two  rota- 
tions,  thai  about  the  axis  and  that  about  the  earth,  which  at  first  sight 
would  seem  perfectly  distinct,  has  been  asserted  (but  we  think  somewhat 
too  hastily*)  to  be  a  oonsequenoe  of  the  general  laws  to  be  explained  here- 
after. Be  that  as  it  may,  it  is  the  cause  why  we  always  see  the  same  face 
of  the  moon,  and  have  no  knowledge  of  the  other  side. 

(485.)  The  moon's  rotatbn  oi»  her  axis  is  uniform ;  but  since  her 
motion  in  her  orbit  (like  that  of  the  sun)  is  not  so,  we  are  enabled  to 
look  a  few  degrees  round  the  equatorial  parts  of  her  visible  b(Nrder,  on  the 
eastern  or  western  side,  according  to  circumstances ;  or,  in  other  words, 
the  line  joining  the  centres  of  the  earth  and  moon  fluctuates  a  little  in  its 
poation,  from  its  mean  or  average  intersection  with  her  surfiice,  to  the 

■  From  my  own  obtenratioii,  made  quite  independently  of  any  knowledge  of  such 
a  tendency  haTing  been  obeenred  by  others.  Hamboldt,  howerer,  in  hii  personal  nar- 
rative, speaks  of  it  as  well  known  to  the  pilots  and  seamen  of  Spanish  America :  see 
note  at  the  end  of  the  chapter  0b.) 

•  Bee  Edinburgh  Review,  No.  175,  p.  198. 
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ward.    And,  moreover,  since  the  aiU  abont  which  she  tctoIib 
Qctly  perpendicular  lo  hor  orbil,  nor  holda  &a  invariable  diiw- 
e,  her  poles  come  alternately  into  view  for  a  naall  spaoe  at  ^ 

nee  of  tbese  two  distinct  kinds  of  librayon,  tbe  sjime  ideati- 
the  moon'a  eurface  is  not  slwaja  the  centre  of  her  disc,  and 
9  get  sight  of  a  zone  of  a  few  degrees  ia  breadth  on  all  adeg 
or,  beyond  an  exact  hemiaphere. 

f  there  be  inhabitants  ia  the  moon,  the  earth  mnat  present  to 
xtraordinaty  appearance  of  a  moon  of  nearly  2°  degree*  in 
zhibiting  phases  complementary  to  those  which  we   see  tbe 
but  tmmoveably  fijccd  in  (Jicir  s/ty,  (or,  at  least,  changing  its 
ace  only  by  the  Hmall  amount  of  the  libration,)  while  the  slan 
to  pass  Blowly  beside  and  behind  it     It  will  appear  clouded 
e  spots,  and  belted  with  equatorial  and  tropical  xoncs  cottm- 
our  trade-winds;  and  it  may  be  doubled  whether,  io  their  per 
gc,  the  outlines  of  our  continents  and  seas  can  ever  be  clearly 
During  a  solar  eclipse,  the  earth's  atmosphere  will  become 
narrow,  but  bright  iuminous  ring  of  a  ruddy  eolour,  where  it 
earth,  gradually  passing  into  faint  blue,  encircling  the  whole 
3e  dark  disc  of  tbe  carlh,  the  remainder  being  dark  and  mggd 
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or  TERRESTRIAL  GRAVITY. — OF  THE  LAW  OF  UNIVERSAL  GRAVITA- 
TION.—  PATHS  OF  PROJECTILES;  APPARENT  —  REAL  —  THE  MOON 
RETAINED  IN  HSR  ORBIT  BY  GRAVITY. — ITS  LAW  OF  DIMINUTION. — 
LAWS  OF  ELLIPTIC  MOTION.  —  ORBIT  OF  THE  EARTH  ROUND  THE  SUN 
IN  ACCORDANCE  WITH  THESE  LAWS.  —  MASSES  OF  THE  EARTH  AND 
SUN  COfifPARED. — DENSITY  OF  THE  SUN. — FORCE  OF  GRAVITY  AT  ITS 
SURFACE. — DISTURBING  EFFECT  OF  THE  SUN  ON  THE  MOON'S  MOTION. 

(488.)  The  reader  has  now  been  made  acquainted  with  the  chief  phe- 
nomena of  the  motions  of  the  earth  in  its  orbit  round  the  sun,  and  of  the 
moon  about  the  earth. — We  come  next  to  speak  of  the  physical  cause 
which  maintains  and  perpetuates  these  motions,  and  causes  the  massive 
Indies  so  revolving  to  deyiate  continually  from  the  directions  they  would 
naturally  seek  to  follow,  in  pursuance  of  the  first  law  of  motion/  and 
bend  their  courses  into  curves  concave  to  their  centres. 

(439.)  Whatever  attempts  may  have  been  made  by  metaphysical 
writers  to  reason  away  the  connection  of  cause  and  effect,  and  fritter  it 
down  into  the  unsatisfactory  relation  of  habitual  sequence,'  it  is  certain 
that  the  conception  of  some  more  real  and  intimate  connection  is  quite  as 
strongly  impressed  upon  the  human  mind  as  that  of  the  existence  of  an 
external  world, — the  vindication  of  whose  reality  has  (strange  to  say) 
been  regarded  as  an  achievement  of  no  common  merit  in  the  annals  of 
this  branch  of  philosophy.  It  is  our  own  immediate  consciousness  of 
effort^  when  we  exert  force  to  put  matter  in  motion,  or  to  oppose  and  neu- 
tralize force,  which  g^ves  us  this  internal  conviction  of  potoer  and  cauio- 

»  Prindp.  Lex.  i. 

*  See  Brown  *'  On  Cauae  and  Effect/'  —  a  work  of  great  acateneas  and  subtlety  of 
reaaoning  on  aome  pointa,  but  in  whicb  the  whole  train  of  argument  is  vitiated  by  one 
•Donnoiia  oversight ;  the  omiaaion,  namely,  of  a  diitimi  and  immediate  penonal  eon* 
geiotuneti  of  eau$atiom  in  hia  enumeration  of  that  iequence  of  evento.  by  which  the 
▼oUtion  of  the  mind  ia  nade  to  terminate  in  the  motion  of  material  objects.  I  mean 
the  eonaciouaneaa  of  ^ert ,  aecompanied  with  mfeiiltipfi  tkertty  to  accomplish  an  end, 
•a  a  thing  entirely  diatinct  from  mere  detire  or  voliiion  on  the  one  hand,  and  from  mere 
apaamodic  contraction  of  muscles  on  the  other.  Brown,  3d  edit.  Edin.  1818,  p.  47. 
(Note  to  edition  of  1833.) 
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r  :is   it  refers  to  the  malcriul  world,  and  compela  na  to  bcliere 
jver  nc  see  material  objects  put  iii  motion  from  a  state  af  net, 
i  from  tbeir  rectilinear  paths  and  changed  in  their  velocities  if 
1   motion,  it   ia   in  contHK|uence  of   Euch   an  effort   iamelu>e 
lOugh  not  accompanied  with  our  consciousness.     That  such  aa 
lid  be  exerted  with  success  through  an  interposed  space,  is  no 

with  which  it  is  dprnomtrahfy  not  in  crmlact. 

ietly  abandoned,  descend  to  the  earth's  surface  in  lines  pcrpeo- 
it.     Thej  are  therefore  urged  thereto  bj  a  force  or  effort,  whidi 
asonable  to  regard  as  the  direct  or  indirect  result  of  a  cofurvw*- 
1  wi/l  existing  mmrvhrri;  though  beyond  our  power  to  tj«ce, 
!e  wo  term  ijrarih/,  and  whose  tendency  or  direction,  as  ani- 
erienee  teacher,  is  towards  the  earth's  centre;    or  rather,  to 
tlj,  with  reference  to  its  spheroidal  figure,  perpendicular  to  tin 
still  water.     Bat  if  we  cast  a  body  obliquely  into  the  wr,  ihlt 
though  not  extinguished  or  diminished,  ia  materially  modifiid 
mate  effect.     Tho  upward  impetus  jrc  give  the  stone  is,  it  is 
a  time  destroyed,  and  a  downward  one  communicated  to  i^ 
mately  brings  it  to  the  surface,  whe'rc  it  is  opposed  in  Its  hx- 
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defleetg  her  at  everj  instant  from  the  tangent  of  lier  orbit^  and  keeps  her 
in  the  elliptic  path  which  experience  teaches  us  she  actually  pursues  f 

(442.)  If  a  stone  be  whirled  round  at  the  end  of  a  string  it  will  stretch 
the  string  bj  a  cemtn/uffol  force,  which,  if  the  speed  of  rotation  be  suffix 
dentlj  increasedi  will  at  length  break  the  string,  and  let  the  stone  escape. 
However  strong  the  string,  it  may,  by  a  sufficient  rotary  velocity  of  the 
stone,  be  brought  to  the  utmost  tension  it  will  bear  witboat  breaking ;  and 
if  we  know  what  weight  it  is  capable  of  carrying,  the  velocity  necessary 
for  this  purpose  is  easily  calculated.  Suppose,  now,  a  string  to  connect 
the  earth's  centre  with  a  weight  at  its  surface,  whose  strength  should  b» 
jnst  sufficient  to  sustain  that  weight  suspended  from  it.  Let  us,  however, 
for  a  moment  imagine  gravity  to  have  no  existence,  and  that  the  weight 
is  made  to  revolve  with  the  limiting  velocity  which  that  string  can  barely 
ooonteraot :  theo  will  its  tension  be  just  equal  to  the  weight  of  the  re** 
▼olving  body;  and  any  power  which  should  continually  urge  the  body 
towards  the  centre  with  a  force  equal  to  its  weight  would  perform  the 
offibe,  and  might  supply  the  place  of  the  string,  if  divided.  Divide  it 
then,  and  in  its  plaoe  let  gravity  act,  and  the  body  will'^reulate  as  bef(ve; 
ill  tendency  to  the  centre,  or  its  toeighiy  being  just  balanced  by  its  centric 
fbgal  force.  Knowing  the  radius  of  the  earth,  we  can  calculate  by  the 
principles  of  mechanies  the  periodical  time  in  which  a  body  so  balanced 
must  circulate  to  keep  it  up ;  and  this  appears  to  be  1^  23">  22*. 

(443.)  If  we  make  the  same  calcuhuion  for  a  body  at  the  distance  of 
the  moon,  supposing  its  foeight  or  gravity  the  same  cu  at  the  ear^S' 
surface^  we  shall  find  the  period  required  to  be  10^  45"  30*.  The  actual 
period  of  the  moon's  iev(^ution,  however,  is  27'  7^  43" ;  and  hence  it  is: 
dear  that  the  moon's  velodty  is  not  nearly  sufficient  to  sustain  it  against 
ffiicA  a  power,  supposing  it  to  revolve  in  a  circle,  or  neglecting  (for  the 
present)  the  slight  ellipticity  of  its  orbit.  In  order  that  a  body  at  the 
distance  of  the  moon  (or  the  moon  itself)  should  be  capable  of  keeping 
its  distance  from  the  earth  by  the  outward  effort  of  its  centrifugal  force, 
while  yet  its  time  of  revolution  should  be  what  the  moon's  actually  is^ 
it  will  appear '  that  grainiy,  instead  of  being  as  intense  as  at  the  sur&ce, 
would  require  to  be  very  nearly  3600  times  less  energetic ;  or,  in  other 
words,  that  its  intensity  is  so  enfeebled  by  the  remoteness  of  the  body  on 
which  it  acts,  as  to  be  capable  of  producing  in  it,  in  the  same  time,  only 
^^^th  part  of  the  motion  which  it  would  impart  to  the  same  mass  of 
matter  at  the  earth's  surfiMS. 

(444.)  The  distance  of  the  moon  from  the  earth's  centre  is  a  very  little 
lest  than  sixty  times  the  distance  from  the  centre  to  the  sur&ce^  and 

'  lfewtcn»  Pfincip.  b>  i.f  Prop.  4.,  Cor.  S. 
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' ;  HO  ihst  the  proportioD  in  wbich  we  must  admit  Ike 
i  enfeebled  at  tbc  idood'b  dietiDCe,  if  it  be  reallj  tJM 
I  retains  tbc  luoon  in  her  orbit,  must  be  (at  letLst  id  tbis  pu- 
ce) that  of  ihe  squares  of  the  dist&Dces  at  which  it  te  cod- 
,  in  such  a  dimiouiion  of  energy  with  iocresse  of  dbtastc, 
Btbiog  prima  facie  iDadmissible.     EmanatioDi  from  s  centre, 
t  and  beat,  do  really  diminish  in  intensity  by  increase  of  dis- 
n  this  identical  proportion ;  and  though  we  cannot  certainlj 
h  from  this  analogy,  yet  we  do  see  that  the  power  of  migaclie 
\  attraclions  and  repulsions  is  actually  enfeebled  by  dJslanee, 
nore  rapidly  than  in  the  simple  proportion  of  the  incrmed 
The  argument,  therefore,  stands  thus:  —  On  the  one  hand, 
a  real  power,  of  whose  ngency  wo  have  daily  experience.    We 
t  extends  to  the  greatest  accessible  heights,  and  far  beyond; 
0  reason  for  drawing  a  line  at  any  particniar  height,  and 
g  that  it  must  oeasc  entirely ;  though  we  have  analogies  to 
ftuppose  its  energy  may  diminish  aa  we  ascend  to  great  hei|^ti 
lirface,  such  as  that  of  the  moon.     On  the  other  hand  we  ire 
\s  urged  towards  the  earth  by  *iyme  power  which  retaiw 
I  orbit,  and  that  the  intensity  of  this  power  is  such  as  wotiU 
\  gravity,  diminished  in  the  proportion  —  otherwise  not 
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diieot  solution.  Newton  himaelf  has  shown  (Pnnctp.  b.  i.  prop.  75) 
thaty  in  that  case,  the  attraction  is  precisely  the  same  as  if  the  whole 
matter  of  each  sphere  were  collected  into  its  centre,  and  the  spheres  were 
ain^  particles  there  placed ;  so  that,  in  this  case,  the  general  law  applies 
in  its  strict  wording.  The  effect  of  the  trifling  deviation  of  the  earth 
from  a  spherical  form  is  of  -too  minute  an  order  to  need  att^tion  at  pre- 
■ent.     It  is,  however,  perceptible,  and  may  be  hereafter  noticed. 

(446.)  The  next  step  in  the  Newtonian  argument  is  one  which  divests 
the  law  of  gravitation  of  its  provisionaf  character,  as  derived  from  a  loose 
and  superficial  consideration  of  the  lunar  orbit  as  a  circle  described  with  an 
aTerage  or  mean  velocity,  and  elevates  it  to  the  rank  of  a  general  and  pri- 
mordial relation  by  proving  its  applicability  to  the  state  of  existing  nature 
in  all  its  circumstances.  This  step  consists  in  demonstrating,  as  he  has 
done  *  (/Vtiicijp.  i.  17.  i.  75.),  that,  under  the  influence  of  such  an  attract- 
ire  fbroe  mutually  urging  two  spherical  gravitating  bodies  towards  each 
other,  they  will  each,  when  moving  in  each  other's  neighbourhood,  be 
deflected  into  an  orbit  concave  towards  the  other,  and  describe,  one  about 
the  other  regarded  as  fixed,  or  both  round  their  common  centre  of  gravity, 
oarves  whose  forms  are  limited  to  those  figures  known  in  geometry  by  the 
general  name  of  conic  sections.  It  will  depend,  he  shows,  in  any  assigned 
ease,  upon  the  particular  circumstances  or  velocity,  distance,  and  direction, 
^ieh  of  these  curves  shall  be  described,  — whether  an  ellipse,  a  circle,  a 
parabola,  or  an  hyperbola ;  but  one  or  other  it  must  be ;  and  any  one  of 
any  degree  of  excentricity  it  may  be,  according  to  the  circumstances  of 
the  case ;  and,  in  all  cases,  the  point  to  which  the  motion  is  referred, 
whether  it  be  the  centre  of  one  of  the  spheres,  or  their  common  centre  of 
gravity,  will  of  necessity  be  ihe/ociu  of  the  conic  section  described.  He 
ahows,  furthermore  (/Vtadjp.  i.  1.),  that,  in  every  case,  the  angular  velo- 
city  with  which  the  line  joining  their  centres  moves,  must  be  inversely 
proportional  to  the  square  of  their  mutual  distance,  and  that  equal  areas 
of  the  curves  described  will  be  swept  over  by  their  line  of  junction  in 
equal  times. 

(447.)  All  this  is  in  conformity  with  what  we  have  stated  of  the  solar 

*  We  refer  for  theie  ftrndamental  propoeitions,  ae  a  point  of  duty,  to  the  immortal 
work  in  which  they  were  fint  propounded.  It  ie  impoesible  for  us,  in  this  volume,  to 
go  into  these  investigations :  even  did  our  limits  permit,  it  would  be  iitterly  inconsist- 
ent with  our  plan  :  a  general  idea,  however,  of  their  conduct  will  be  given  in  the  next 
chapter.  We  trust  that  the  careful  and  attentive  study  of  the  Principia  in  Us  original 
/&rm  will  never  be  laid  aside,  whatever  be  the  improvements  of  the  modern  analysis 
ms  respects  facility  of  calculation  and  expression.  From  no  other  quarter  can  a  thorough 
and  complete  comprehension  of  the  mechanism  of  our  system,  (so  far  as  the  immedi- 
ate scope  of  that  work,)  be  anything  like  so  well,  and  we  may  add,  so  easily  obtained. 
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novements.     Thair  ortjte  aro  ellipses,  but  of  different  ii«gNB 
city ;  >nd  this  circuoistanco  already  indicates  the  general  sf^E- 
tlie  principle  id  question. 

Jut  here  we  hiive  already,  by  a.  natural  and  ready  impIic*tio« 
jnys  the  progress  of  generalizatiori},  taken  a  further  and  mart 
etcp,  almost  unperceiTcd.     We  have  eitonded  the  action  vt 

of  the  moou,  aud  fo  a  body  apparently  quite  of  a  diffeiMt 
either.     Arc  nc  juytiGcd  in  this  ?  or,  at  all  oventa,  ore  that 

tions  introduced  by  the  change  of  data,  if  not  into  tlie  gtaie^ 
at  least  into  (he  particolnr  interpretation,  of  the  law  of  pm 

on,  the  moment  wc  come  to  numbers,  an  obvious  incougrniij 
When  we  calculate,  as  above,  from  the  known  distance  of  tbi 

57),  and  from  the  period  in  which  the  earth  cirtiulatea  sbonlil 
what  mast  be  the  centrifugal  force  of  the  latter  by  which  th* 
tion  18  balanced,  (and  which,  therefore,  becomes  an  eiact  om- 

Ij  greater  than  would  saffiec  to  countcmct  the   rarlh'»  attiw- 
efjual  body  at  that  distance — greater  in  the  high  proportion  of 
1.     It  is  dear,  then,  tliat  if  the  earth  be  retained  in  ila  orbit 
un  by  tolar  nttruetion,  conformable  in  ila  rale  of  diminutin 
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is  reinforced,  and  rendered  capable  of  rcsbting  this  almost  inconceivable 
pressure  without  cqllapsiog  into  smaller  dimensions. 

(450.)  This  will  be  more  distinctly  appreciated,  if  we  estimate,  as  we 
are  now  prepared  to  do,  the  intensity  of  gravity  at  the  sun's  surface. 

The  attraction  of  a  sphere  being  the  same  (art.  445)  as  if  its  whole 
HUMS  were  collected  in  its. centre,  will,  of  coarse,  be  proportional  to  the 
jnaaa  directly,  and  the  square  of  the  distance  inversely ;  and,  in  this  case, 
jkbe  distance  is  the  radius  of  the  sphere.  Hence  we  conclude',  that  the 
intensi^  of  solar  and  terrestrial  gravity  at  the  surfaces  of  the  two  globes 
inne  in  the  proportiona  of  27*9  to  1.  A  pound  of  terrestrial  matter  at  the 
pnn'a  surface,  then,  would  CKert  a  pressure  equal  to  what  27-9  such  pounds 
.would  do  at  the  earth's.  The  efficacy  of  muscular  power  to  overcome 
«!^ght  is  therefore  proportionally  nearly  28  times  less  on  the  sun  than  on 
the  earth.  Aq  ordinary  man,  for  example,  would  not  only  be  unable  to 
Mtttain  his  own  weight  on  the  sun,  but  would  be  literally  crushed  to  atoms 
under  the  load.' 

(451.)  Henceforward,  then,  we  must  consent  to  dismiss  all  idea  of  the 
earth's  immobility,  and  transfer  that  attribute  to  the  sun,  whose  ponderous 
mass  is  calculated  to  exhaust  the  feeble  attractions  of  such  comparative 
ftloma  as  the  earth  and  moon,  without  being  perceptibly  dragged  from  its 
place.  Their  centre  of  gravity  lies,  as  we  have  already  hinted,  almost 
eloae  to  the  centre  of  the  solar  globe,  at  an  interval  quite  imperceptible 
from  our  distance;  and  whether  we  regard  the  earth's  (nrbit  as  being  per* 
fiumed  about  the  one  or  the  other  centre  makes  no  appreciable  difference 
in  any  one  phenomenon  of  astronomy,  ^jk- 

(452.)  It  is  in  consequence  of  the  muHtal  gravitation  of  all  the  several 
parta  of  matter,  which  the  Newtonian  law  supposes,  that  the  earth  and 
moon,  while  in  the  act  of  revolving,  monthly,  in  their  mutual  orbits  about 
their  common  centre  of  gravity,  yet  continue  to  circulate,  without  parting 
company,  in  a  greater  annual  orbit  round  the  sun.  We  may  conceive  this 
motion  by  connecting  two  unequal  balls  by  a  stick,  which,  at  their  centre 
of  gravity,  is  tied  by  a  long  string,  and  whirled  round.  Their  joint  8^9» 
tern  will  circulate  as  one  body  about  the  common  centre  to  which  the 
string  is  attached,  while  yet  they  may  go  on  drculating  round  each  other  in 
subordinate  gyrations,  as  if  the  stick  were  quite  free  from  any  such  tie, 
sod  merely  hurled  through  the  air.  If  the  earth  alone,  and  not  the 
moon,  gravitated  to  the  sun,  it  would  be  dragged  away,  and  leave  the  moon 

■  Solar  gravity :  terrestpal ; :  (}f  Ji2S),  :  (tvVi)  *  *  ^'^'^  *  1  >  ^^9  retpectiTo  radii 
of  the  sun  and  earth  being  440000.  and  4000  miles. 

*  A  mass  weighing  12  stone  or  ISSlbs.  on  the  earth,  would  produce  a  pressure  of 
4fin  Iba.  on  tl>e  san. 
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lad  i-i'te  vertd;  but,  acting  oq  both,  they  oontinue  togelkr 
LIraction,  juat  as  the  loose  parts  of  the  earth's  surface  coDtinoe 
uD  it.     It  is,  then,  in  strictnesa,  not  the  earth  or  the  mooa 
?rihea  an  ellipse  around  the  sun,  but  their  oommoD  centre  of 
rhe  effect  is  to  produce  a  small,  but  Tcry  perceptible,  monthl; 
a  the  Eun'a  iLpparent  motion  as  seen  from  tbe  earth,  which  a 
en  into  accouot  in  caloulaiing  the  sun's  place.     The  moon't 
,  in  its  compound  orbit  round  the  earth  and  sun  is  an  epiejeloi- 
nteraecting  tbe  orbit  of  the  earth  twice  in  every  lunar  month, 
itely  within  and  without  it.     But  as  there  are  not  mote  than 
!i  months  in  the  year,  and  as  the  t«tal  departure  of  the  moon 
[her  way  does  not  eiceed  one  400th  part  of  the  radius,  thii 

It  if  drawn  in  true  proportion  on  a  large  sheet  of  paper,  no  tj* 
■  measurement  with  compasses  would  detect  it.     The  real  orKl 
in  is  everywhere  concave  towards  tbe  sun. 
Rere  moreover,  i.  e.  in  the  attraction  of  the  sun,  we  have  tbt 

ithly  orbit,  which  we  have  already  noticed  (arts.  407,  409),  vit 
agrade  revolution  of  her  nodes;  to  the  direct  circulation  of  llw 
ellipse  i  and  to  all  the  other  deviations  from  the  laws  of  cinplie 
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ftbore  that  of  the  earth  when  in  the  nearer  point  of  her  orhit,  M,  and  a 
oonesponding  defect  on  the  opposite  part^  N ;  and,  in  the  intermediate 
pontionsy  not  only  will  a  difference  of  forcei  snbsist,  bat  a  difference  of 
dirtcHoni  also ;  since  howeyer  small  the  lunar  orbit  M  N,  it  is  not  a  po^it, 
and,  therefore,  the  lines  drawn  !rom  the  sun  S  to  its  several  parts  cannot 
be  regarded  as  strictly  parallel.  If,  as  we  have  already  seen,  the  force  of 
the  sun  were  equally  exerted,  and  in  parallel  directions  on  both,  no  disturb- 
anee  of  their  relative  mtuations  would  take  place ;  but  from  the  non-veri- 
fieation  of  these  conditions  arises  a  disturbing  /orcey  oblique  to  the  line 
joining  the  moon  and  earth,  which  in  some  situations  acts  to  accelercUe,  in 
oihers  to  retard,  her  elliptic  orbitual  motion ;  in  some  to  draw  the  earth 
finom  the  moon,  in  others  the  moon  from  the  earth.  Again,  the  lunar 
.oribit,  though  very  nearly,  is  yet  not  quite  coincident  with  the  plane  of  the 
ediptio ;  and  hence  the  action  of  the  sun,  which  is  very  nearly  parallel  to 
the  last-mentioned  plane,  tends  to  draw  her  somewhat  out  of  the  plane  of 
her  orUt,  and  does  actually  do  so — ^producing  the  revolution  of  her  nodes, 
and  other  phenomena  less  striking.  We  are  not  yet  prepared  to  go  into 
the  subject  of  these  perturhationif  as  they  are  called ;  but  they  are  intro- 
dooed  to  the  reader's  notice  as  early  as  possible,  for  the  purpose  of  re- 
aflsoring  his  mind,  should  doubts  have  arisen  as  to  the  logical  correctness 
of  oar  aignmenty  in  consequence  of  our  temporary  neglect  of  them  while 
working  our  way  upward  to  the  law  of  gravity  from  a  general  considera- 
tion of  the  moon's  orbit -v      v 
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(467.)  The  apparent  motions  of  the  f^anets  are  mneb  poor^  inregnlar 
tbaa  those  of  the  buq  or  idooq.  GreQerallj  speaking,  and  oonoparing  their 
places  at  distant  tinies^  thej  all  advance,  though  with  very  different  ^vc- 
rage  or  mean  Teloeities,  in  the  same  direction  as  those  lominariesy  i,  e.  in 
opposition  to  the  apparent  diurnal  motion,  or  ttom  west  to  east :  all  of 
them  make  the  entire  tour  of  the  heavensi  Uiough  tinder  verjr  different 
circttmstanoes;  and  all  ef  them,  with  the  exception  of  the  eight  teles* 
copio  planets, — Cerss^  Pallas,  Juno,  Vesta,  Astnea,  Hebe,  Iris^  and  Fiona 
(which  maj  therefore  be  termed  uUrorzodiacaQ  —  are  confined  in  .tl^eir 
TiBible  paths  within  rerj  narrow  limits  on  either  side  the  ecliptic,  ao^ 
perform  their  moyemeirts  within  that  acne  of  the  heayeps  we  ha?o  calledi 
above,  the  Zodiac  (art  .803.) 

(458.)  The  obvious  coaduaion  from  this  is,  that  whatever  be,  oth/^r- 
wiae^  the  nature  and  law  of  th«ir  motions,  they  ara  performed  ncarf^  n^ 
Ae  plane  C{f  the  fcZip/ic -^  that  plane,  namely,  in  which  onr  own  motio^ 
about  the  ton  is  performed.  Hence  it  follows,  that  we  see  their  eyoluo 
tions,  not  in  pfon,  but  in  tec^ion;  their  real  angular  movements  and 
linear  diatanoes  being  t^  foreshortened  and  confounded  undistinguishablj, 
while  only  their  deviations  from  the  ecliptic  appear  of  their  natural  mag^ 
nitnde,  updimipish^  by  the  effect  of  perspective.  | 

(459.)  The  apparent  motions  of  the  sun  and  moon,  ibongh  not  uni?  - 
form,  do  not  deviate  very  greatly  from  nniformity ;  a  moderate  aeceleni' 
tioD  and  retardation,  accountable  for  by  the  ellipticitj^  of  tfieir  orbit^  ' 
being  aU  that  is  nemarked.  But  the  ease  is  widely  diSisrent  with  the  - 
planets:  aonetimes  theyadvanoe  n^udly;  then  relax  in  iheir apparent  i 
gpced — come  to  a  momentary  stop;  and  then  aotnally  reverse  their 
motion,  and  run  back  upon  their  former  course,  with  a  rapidity  at  ficat 
inofcaaing,  then  diminishing,  till  the  reversed  or  jcetrogaade  motion  etasea 
altogether.  Another  stationj  or  moment  of  a{^Mrent  rest  or  indedsiop, 
now  takea  place;  after  which  the  movement  ia  again  reveraed,  and 
leanmcf  its  original  direct  character.  On  the  wbole,  ^however,  the  amount  j 
of  direct  nu>tion  mora  than  compensates  -the  setrc^gpde;  and  by  the  : 


^...^  ct  the  former  over  the  latter,  tlie  gra^hial  advanee  of  A^  fhmai 
fram  Host  to  east  ia  waiitainad.  Tbaa,  swppoaiii^  the  Zodiac  to  be 
wdbldad  into  «  piane  aafiioe,  (or  Kepaeatiited  aa  ia  Nersator'a  projtotiiiPi 
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king  the  ecliptic  E  C  for  its  groaad  line,)  the  track  of  a  pUntt 
led  down  by  observation  from  day  to  day,  will  offer  the  Bppe«^ 
I  S,  &c, ;  the  motion  from  P  to  Q  being  direct,  at  Q  aUtioniry, 
R  Tctrognule,  at  R  again  stationary,  from  R  to  S  direct,  and 

'.a  the  midst  of  the  irregularity  and  fluctostion  of  this  motion, 
:able  feature  of  uniformity  is  observed.     Whenever  the  pUoet 
ecliptic,  as  at  N  in  the  figure,  it  is  said  (like  the  moon)  to  b« 
;  and  as  the  earth  necessarily  lies  in  the  plane  of  the  ecliptic, 
cannot  be  apjHirenlly  or  vranoffraphkaily  eitiutcd  in  tlw 
■ele  so  called,  without  being  rra%  and  locally  situated  in  Aal 
he  visible  passage  of  a  planet  through  its  node,  then,  is  a  pli» 
odicativc  of  a  circumstance  in  its  real  motion  quit«  iadepcudeU 
ion  from  which  we  view  it.     Now,  it  is  easy  to  ascertain,  hj 
1,  whco  a  planet  passes  from  the  north  to  the  soath  aide  of  the 
0  have  only  to  convert  its  right  ascensions  and  decIinatJonH  ioU 
and  latitudes,  and  tbe  change  from  north  to  eouth  latitode  on 
aive  days  will  advertise  us  on  what  doy  the  transition  took 
le  a  simple  proportion,  grounded  on  the  observed  state  of  ita 
lalitiuJi:  in  the  interval,  will  suffice  to  fix  the  precise  hour  txA 
its  arrival  on  the  ecliptic.     Now,  this  being  done  for  sevoal 
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after  what  lias  been  shown  in  art.  449,  of  the  immense  mass  of  that  Inmi- 
nazj,  and  of  the  office  it  performs  to  us  as  a  quiescent  centre  of  our  orbi- 
toal  motion,  nothing  can  be  more  natural  than  to  suppose  it  may  perform 
the  same  to  other  globes  which,  like  the  earth,  may  be  revolving  round  it; 
and  these  globes  may  b%  vbible  to  us  by  its  light  reflected  from  them,  as 
the  moon  is.  Now  there  are  many  facts  which  give  a  strong  support  to 
the  idea  that  the  planets  are  in  this  predicament 

(463.)  In  the  first  place,  the  planets  really  are  great  globes,  of  a  size 
oommensurate  with  the  earth,  and  several  of  them  much  greater.  When 
examined  through  powerful  telescopes,  they  are  seen  to  be  round  bodies, 
of  sensible  and  even  of  considerable  apparent  diameter,  and  offering  dis- 
tiDct  and  characteristic  peculiarities,  which  show  them  to  be  solid  masses, 
each  possessing  its  individual  structure  and  mechanism ;  and  that,  in  one 
instanoe  at  least,  an  exceedingly  artificial  and  complex  one.  (See  the 
.representations  of  Mars,  Jupiter,  and  Saturn,  in  Plate  111.)  That  their 
distanops  from  us  are  great,  much  greater  than  that  of  the  moon,  and  some 
of  them  even  greater  than  that  of  the  sun,  we  infer,  Ist,  from  their  being 
occulted  by  the  moon,  and  2dly,  from  the  smallness  of  their  dium^ 
parallax,  which,  even  for  the  nearest  of  them,  when  most  favourably 
situated,  does  not  exceed  a  few  seconds,  and  for  the  remote  ones  is  almost 
imperceptible.  From  the  comparison  of  the  diurnal  parallax  of  a  celestial 
body,  with  its  apparent  semidiameter,  we  can  at  once  estimate  its  real  sixe. 
Eor  the  parallax  is,  in  fact,  nothing  else  than  the  apparent  semidiameter 
of  the  earth  as  seen  from  the  body  in  question  (art  339  et  seq.) ;  and,  the 
intervening  distance  being  the  same,  the  real  diameters  must  be  to  each 
other  in  the  proportion  of  the  apparent  ones.  Without  going  into  parti- 
cnlars,  it  will  suffice  to  state  it  as  a  general  result  of  that  comparison,  that 
the  planets  are  all  of  them  incomparably  smaller  than  the  sun,  but  some 
of  them  as  large  as  the  earth,  and  others  much  greater. 

(464.)  The  next  &ct  respecting  them  is,  that  their  distances  from  us, 
as  estimated  from  the  measurement  of  their  angular  diameters,  are  in  a 
continual  state  of  change,  periodically  increasing  and  decreasing  within 
certain  limits,  but  by  no  means  corresponding  with  the  supposition  of 
regular  circular  or  elliptic  orbits  described  by  them  about  the  earth  as  a  ■ 
centre  or  focus,  but  maintaining  a  constant  and  obvious  relation  to  their 
apparent  angular  distances  or  dongatioM  from  the  sun.  For  example ; 
the  apparent  diameter  of  Mars  is  greatest  when  in  opposition  (as  it  is 
called)  to  the  sun,  t.  e,  when  in  the  opposite  part  of  the  ecliptic,  or  when 
it  comes  on  the  meridian  at  midnight, — being  then  about  18", — but 
diminishes  rapidly  from  that  to  about  4",  which  is  its  apparent  diameter 
when  in  conjunction^  or  when  seen  in  nearly  the  same  direotioQ  as  thai 
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This,  and  facts  of  a  similar  character,  observed  with  respect 
arcDt  diameters  of  the  other  planets,  clearlj  point  out  the  «a 
more  than  an  accidental  rektion  to  their  aiotements. 
Lastly,  certain  of  the  planets,  (Mercury,  Venus,  and  Mu»,) 
eJ  through  telescopes,  eshibit  the  appearance  of  phases  lii« 
be  moon.     This  provea  that  thej  are  opaque  bodies,  shinioj 
fleeted  light,  which  can  be  no  other  ihaa  that  of  the  gno"*; 
ccause  there  is  no  other  source  of  light  external  to  them  nfi- 
rerful,  but  because  the  appearance  and  succession  of  the  ph»ses 
are  (like  their  visible  diameters)  intimately  connected  mil 
-ations  from  the  sun,  as  will  presently  be  shown. 
Accordingly  it  is  found,  that,  when  we  refer  the  planetary  movfr 
ho  sna  as  a  centre,  all  that  apparent  irregularity  whidi  tlwj 
viewed  from  tiio  earth  disappears  at  once,  and  resolves  itself 
imple  and  general  law,  of  which  the  earth's  motion,  as  n- 
a  former  chapter,  ia  only  a  particular  ease.     In  onler  to  sbwf 
appens,  let  ns  take  the  case  of  a  single  planet,  which  we  will 
revolve  round  the  sun,  in  a  plane  nearly,  bat  not  qutt«,  ooiii- 
the  ecliptic,  but  passing  through  the  sun,  and  of  course  inter- 
coliptic  in  a  fised  line,  which  ia  the  line  of  the  planet's  nodo. 
must  of  course  divide  its  orbit  into  two  segments;  and  it  ii 

INFXEXO£  PLAVBISk  £47 

rise  before  that  laminarj  in  the  morning,  and  appear  orer  the  eastern 
horkoi!!  as  morning  stars :  they  do  not,  however,  attain  the  same  elmiga- 
turn  firom  the  sun.  Meroary  never  attains  a  greater  angular  distance  from 
it  than  about  29^,  while  Venus  extends  her  excnnions  on  either  side  to 
about  47^.  When  they  have  receded  from  the  sun,  eastxoard,  to  their 
lespective  distances,  they  remain  for  a  time,  as  it  were,  immoveable  with 
raped  to  U^  and  are  carried  along  with  it  in  the  ecliptic  with  a  motion 
pcjpsl  to  its  own ;  but  presently  they  begin  to  approach  it,  or,  which  comes 
to  tiie  same,  their  motion  in  longitude  diminishes,  and  the  sun  gains  upon 
them.  As  this  approach  goes  on,  their  continuance  above  the  horizon 
Aet  sunset  becomes  daily  shorter,  till  at  length  they  set  before  the  dark- 
ness has  become  sufficient  to  allow  of  their  being  seen.  For  a  time,  then, 
ttiey  are  not  seen  at  all,  unless  on  very  rare  occasions,  when  they  are  to 
be  observed  pasting  across  the  sun's  disc  as  smaU,  round^  tpeHdefined 
hlaek  spots,  totally  diffsient  in  appearance  from  the  solar  spots  (art  386.) 
^  These  phenomena  are  emphatically  called  transits  of  the  respective 
pianets  across  the  sun,  and  take  place  when  the  earth  happens  to  be 
p— img  the  line  of  their  nodes  while  they  are  in  that  part  of  their  orbits, 
j«t  as  in  the  account  we  have  given  (art.  412)  of  a  jsolar  eclipse.  After 
ksving  thus  continued  invisible  for  a  time,  however,  they  begin  to  appear 
on  tilt  other  side  of  the  si^n,  at  first  showing  themselves  only  for  a  few 
minutes  before  sunrise,  and  gradually  longer  and  longer  as  they  recede 
from  him.  At  this  time  their  motion  in  longitude  is  rapidly  retrograde. 
Belbre  they  attain  their  greatest  elongation,  however,  &ej  become  station- 
my  in  the  heavens }  but  their  recess  from  the  sun  is  still  maintained  by 
the  advance  of  that  luminary  along  tiie  ecliptic,  which  continues  to  leave 
them  behind,  until,  having  reversed  their  motion,  and  become  again 
dived,  they  acquire  suflicient  speed  to  commence  overtaking  him — at 
which  moment  they  have  their  greatest  toestem  elongation  :  and  thus  is  a 
kind  of  oscillatory  movement  kept  up,  while  the  general  advance  along 
the  ecliptic  goes  on. 

(468.)  Suppose  P  Q  to  be  the  ecliptic,  and  A  B  D  the  orbit  of  one  of 
these  planets,  (for  instanoe,  Mercury,)  seen  almost  edgewise  by  an  eye 
situated  very  nearly  in  its  plane ;  S,  the  sun,  its  centre;  and  A,  B,  D,  S, 
soocessive  positions  of  the  planet,  of  which  B  and  S  are  in  the  nodes. 
If^  then,  the  sun  S  stood  apparently  still  in  the  ecliptic,  the  planets  would 
simply  appear  to  oscillate  backwards  and  forwards  from  A  to  D,  alter- 
nately passing  before  and  behind  the  sun ;  and,  if  the  eye  happened  to 
He  szaetly  in  the  plane  of  the  orbit,  trcmsiting  his  diae  in  the  former 
ease,  and  being  covered  by  it  in  the  latter.*  But  as  the  son  is  not  so 
stationary,  but  apparently  carried  along  the  ediptio  P  Q,  let  it  be  supposed 
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er  the  spaces  S  T,  T  U,  U  V,  while  the  planet  in  each  case  eic- 
uarter  of  ita  period-     Then  will  its  orbit  be  apparently  carried 
the  suD,  into  the  successive  positions  represented  in  the  figim; 
tA  real  motion  round  the  Bun  brings  it  into  the  respective  poiott, 
ita  apparent  movement  in  the  heavens  will  seem  to  have  been 
aty  or  zigzag  line  A  N  II  K.     In  this,  He  motion  in  longitude 
>een  direct  in  the  parts  A  N,  N  H,  and  retrograde  in  the  puU 
bile  at  the  turns  of  the  sigiig,  as  at  H,  it  will  have  been  tU- 

rhe  only  two  planets  —  Mercury  and  Venus  —  whose  eiola- 
uh  as  above  described,  are  called  inferior  planets  j  their  pojob 
recess  from  the  sun  arc  called  (as  above)  their  f/rcat^xl  ewten 

d  superior  conjunctions, —  the  former  when  the  planet  pauM 
e  earth  and  the  sun,  the  latter  when  behind  the  sun. 
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the  angle  a  A  8,  which  measares  their  apparent  interval  as  seen  from  A, 
being  then  greater  than  in  any  other  sitnation  of  a  npon  its  own  circle. 

(471.)  Now,  this  angle  heing  known  by  observation^  we  are  hereby 
famished  with  a  ready  means  of  ascertaining^  at  least  approximately,  the 
distance  of  the  planet  from  the  san,  or  the  radios  of  its  orbit,  supposed  a 
circle.  For  the  triangle  S  A  a  is  right-angled  at  a,  and  consequently  we 
have  S  a :  S  A  : :  sin.  S  A  a :  radius,  by  which  proportion  the  radii  S  Oy 
8  A  of  the  two  orbits  are  directly  compared.  If  the  orbits  were  both 
exact  circles,  this  would  of  course  be  a  perfectly  rigorous  mode  of  proceed- 
ing :  but  (as  is  proved  by  the  inequality  of  the  resulting  values  of  S  a 
obtained  at  diffsrent  times)  this  is  not  the  case ;  and  it  becomes  necessary 
to  admit  an  ezcentricity  of  position,  and  a  deviation  from  the  exact  circu- 
lar form  in  hath  orbits,  to  account  for  this  difference.  Neglecting,  how- 
eveTi  at  present  this  inequality,  a  mean  or  average  value  of  S  a  may,  at 
least,  be  obtained  from  the  frequent  repetition  of  this  process  in  all  vari- 
eties of  utoation  of  the  two  bodies.  The  calculations  being  performed, 
it  is  concluded  that  the  mean  distaface  of  Mercury  from  the  sun  is 
about  3^000.000  miles;  and  that  of  Venus,' simihu>ly  derived,  abont 
0^009000;  4e  radius  of  the  earth's  orbit  being  95000000. 

(472.)  The  sidereal  periods  of  the  planets  may  be  obtained  (as  before 
observed),  with  a  considerable  approach  to  accnracy,  by  observiug  their 
pssisgcfl  through  the  nodes  of  their  orbits;  and  indeed,  when  a  certain 
Tery  mmate  motion  of  these  nodes  and  the  apsides  of  their  orbits  (similar 
to  that  of  the  moon's  nodes  and  apsides,  but  incomparably  slower)  is 
allowed  for,  with  a  precision  only  limited  by  the  imperfection  of  the 
appropriate  observations.  By  such  observations,  so  corrected,  it  appears 
that  the  sidereal  period  of  Mercury  is  87'  23^  15-  43*9- ;  and  that  of 
Yenns,  224*  16*  49"  8-Q».  These  periods,  however,  are  widely  different 
from  the  interval  at  which  the  successive  appearances  of  the  two  planets 
at  their  eastern  and  western  elongations  from  the  sun  are  observed  to 
happen.  Mercury  is  seen  at  its  greatest  splendour  as  an  evening  star,  al 
average  intervals  of  abont  116,  and  Venus  at  intervals  of  about  584  days. 
The  difference  between  the  ndereal  and  tynodical  revolutions  (art.  418) 
accounts  for  this.  Referring  again  to  the  figure  of  art.  470,  if  the  sun 
stood  still  at  A,  while  the  planet  advanced  in  its  orbit,  the  lapse  of  a 
sidereal  period,  which  should  bring  it  round  again  to  a,  would  also  produce 
anmikr  elongation  from  the  sun.  But,  meanwhile,  the  earth  has 
advanced  in  its  orbit  in  the  same  direction  towards  E,  and  therefore  the 
Best  greatest  elongation  on  the  same  side  of  the  sun  will  happen  —  not 
in  the  position  a  A  of  the  two  bodies,  but  in  some  more  advanced  posi* 
tloii|  eE.    The  determination  of  this  position  depends  on  a  calculation 


^■.^^^^^^ 
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Dilar  to  what  has  been  explained  in  the  trtiok  nferred  la  ;  ud 
Ihereforo,  onlj  slate  the  resolting  Bjnodical  revolntions  of  ibi 
s,  which  came  out  respectively  115-877",  and  683  020'. 
In  tliis  interval,  the  planet  will  have  described  a  whole  leroln- 
the  are  ace,  and  the  earUi  only  iho  are  ACE  of  iu  wto. 
l.ipso,  the  inferior  ronjitntlion  will  happen  when  the  earth  h» 
ntprmediate  eituation,  B,  and  the  planet  hoa  rooched  b,  a  point 
le  sun  and  cflrth.     The  greatest  elongation  on  the  oppo^te  ada 
1  will  bappcD  when  the  earth  baa  come  to  C,  and  the  planet » 
le  line  of  junction  C  c  is  a  tjkDgcat  to  the  interior  c>n:le  on  ^ 
iiJe  from  M.     Lastly,  the  mjifrior  conjunction  will    bappa 
c:irtb  arrives  at  D,  and  the  planet  at  <}  in  the  same  line  pro- 
the  other  side  of  the  sun.     The  intcrrftla  at  which  these  pfc*- 
ippcn  may  easily  be  computed  from  a  koowlodge  of  the  syMfr 
,  and  the  radii  of  the  orbits, 

The  ciroumferenoes  of  circles  are  in  the  proportion  of  thdr 
then,  wo  calculate  tbc  circumferences  of  the  orbits  of  Kl.^reni? 
i,  and  the  earth,  and  ooniparc  them  with  the  times  in  whid 
lutions  are  performed,  we  shall  find  that  the  aettial  Tclodtia 
L  they  move  in  their  orbits  differ  greatly;   that  of  Merway 
lit  100300  miles  per  hour,  of  Venus  80000,  and  of  the  e«th 
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fttBiAg  Ae  MHh't.  Hence,  the  stationary  points  ought  to  lie,  as  it  is 
found  by  observation  they  do,  between  a  and  5,  or  c  and  b,  vis.  in  such  a 
podtioB  tk«t  the  obUquity  of  the  planet's  motion  with  respect  to  the  line 
vf  jiuMtio&  shsll  just  compensate  for  the  excess  of  its  velocity,  and  cause 
in  equal  aivMioe  of  each  extremity  of  that  line,  by  the  motion  of  the 
^ibnet  at  one  end^  and  of  the  earth  at  the  other :  so  that^  for  an  instant 
#f  lime,  the  whole  Ihie  shall  move  parallel  to  itself.  The  question  thus 
fvopesed  k  purely  geometrieat,  and  its  solution  on  the  supposition  o^ 
circular  orbits  is  easy.    Let  £  e  and  P  j>  represent  small  arcs  of  the 


orbits  of  the  earth  and  planet  described  contemporaneously,  at  the  moment 
when  the  latter  appears  stationary,  about  S,  the  sun.  Produce  p  P  and 
e  £,  tangents  l^  P  and  E,  to  meet  at  R,  and  prolong  £  P  backwards  to 
Q,  join  tp.  Then  since  P  £,/>  e  are  parallel,  we  have  by  simihir  trian- 
gles Pp  :  £  e  : :  P  K  :  R  E,  and  since,  putting  v  and  Y  for  the  respeo- 
iive  velocities  of  the  planet  and  the  earth,  P  j> :  £  e  : :  t;  :  V;  therefore 

V  :  y  : :  P  K  !  R  I! : :  sin.  P  E  R  !  sin.  E  P  R 

! :  COS.  8  B  P  :  COS.  8  P  Q 
: :  COS.  8  E  P  :  COB.  (8  E  P-f  E  S  P) 

because  the  angles  8  £  R  and  8  P  R  axe  right  angles.  Moreover,  if  r 
and  R  be  the  radii  of  the  respective  orbits^  we  have  also 

r  :  R  : :  sin.  8  E  P  :  sin.  (8  £  P+E  8  P) 

from  which  two  relations  it  is  easy  to  deduce  the  values  of  the  two  angles 
SEP  and  £  8  F^  the  former  of  which  is  the  apparent  elongation  of  the 
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Tuying  proportioQ  of  its  visible  illaminated  area  to  its  whole  disc;  and, 
2dljy  the  Taryiog  angalar  diameter,  or  whole  apparent  magoitade  of  the 
disc  itself.  As  it  approaches  its  inferior  conjanction  from  its  greater 
elongatioD,  the  half-moon  becomes  a  crescent,  which  thins  off;  bnt  this  is 
more  than  compeDsated,  for  some  time,  by  the  increasing  apparent  magni- 
tude, in  ocmseqnence  of  its  diminishing  distance.  Thus  the  total  light 
from  it  goes  on  increasing,  till  at  length  it  attains  a  maximum, 
takes  place  when  the  pknet's  elongation  is  about  40^.  i^ 
(479.)  The  transits  of  Venus  are  of  very  rare  occurrence,  taking  place 
•llematelj  at  the  yery  unequal  but  regularly  recurring  intervals  of  8, 122, 
8, 105,  8, 122,  &c.,  years  in  succession,  and  always  in  June  or  December. 
As  astronomical  phssnomena,  they  are  extremely  important;  since  they 
aflbrd  tiie  best  and  most  exact  means  we  possess  of  ascertaining  the  sun's 
distance,  or  its  parallax.  Without  going  into  the  niceUes  of  calculation 
of  this  problem,  which,  owing  to  the  great  multitude  of  droumstances  to 
be  attended  to,  are  extremely  intricate,  we  shall  here  explun  its  principle, 
which,  in  the  abstract,  is  very  simple  and  obvious.  Let  E  be  the  earth, 
Y  Venus,  and  S  the  sun,  and  C  D  the  portion  of  Venus's  relative  orbit 
which  she  describes  while  in  the  act  of  transiting  the  sun's  disc.  Suppose 
A  B  two  spectators  at  opposite  exU^mities  of  that  diameter  of  the  earth 

Pig.  67. 


whieh  is  peijtendicular  to  the  ecliptic,  and,  to  avoid  complicating  the  case, 
let  US  lay  out  of  consideration  the  earth's  rotation,  and  suppose  A,  B,  to 
retain  that  situation  during  the  whole  time  of  the  transit  Then,  at  any 
moment  when  the  spectator  at  A  sees  the  centre  of  Venus  projected  at  a 
on  the  sun's  disc,  he  at  B  will  see  it  projected  at  6.  If  then  one  or  other 
spectator  could  suddenly  transport  himself  from  A  to  B,  he  would  see 
Venus  suddenly  displaced 'on  the  disc  from  a  to  &;  and  if  he  had  any 
Beans  of  noting  accurately  the  place  of  the  points  on  the  disc,  either  by 
BQerometrical  measures  firom  its  edge,  or  by  other  means,  he  might  ascer- 
tain the  angukr  measure  of  a  5  as  seen  from  the  earth.  Now,  sibce 
A  V  a,  B  V  5,  are  straight  lines,  and  therefbre  make  equal  angles  on  each 
nde  V,  a  &  will  be  to  A  B  as  the  distance  of  Venus  from  the  sun  is  to  its 
distanee  from  the  earth,  or  as  88  to  27,  or  nearly  as  2}  to  1 ;  a  &  there* 
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OS  on  tliG  aao's  disc  &  apsce  24  iiuM  at  gnat  u  the  euth'i 
BD<i  Hg  angulur  nieasun-  ia  tlierefore  equsl  to  about  2|   ti»M 

Of  paKBt  diameter  ikt  the  diiibmoc  of  tbe  *ua,  »r  (whiob  ia  At 
;)  to  five  times  the  sud's  lioriiwntal  pwaliaK  (wt.  2»8).    Aoy 
efore,  nhiob  may  be  committed  in  DiGaauriog  a  A,  will  entiil 
/(A.of  that  error  on  the  horiionlal  pafallax  couHuded  from  ii 
rhe  thing  to  be  asoertaioed,  therefore,  jh,  in  feci,  noiibcr  mm 
an  the  breadth  of  the  loae  P  Q  R  S,  ;i  9  r  ■,  inoladed  betwcea 
e  apparent  potha  of  the  centre  of  Veaus  aoroa  the  san'»  £x, 
□try  on  one  ^iJe  to  its  (|uit^ng  it  on  tha  other.     The  «h<^ 
'  the  obsprvors  at  A,  B,  therefore,  tcsohoa  itself  Into  tbia; — » 
rith  all  posMble  core  and  precision,  each  at  bii  owb  station,  thii 
ere  it  enters,  -nhore  it  quits,  and  trhat  segment  of  the  nn'a  dM 
Now,  one  of  the  moat  esaet  ways  in  whiob  (eonjmDed  wid 
rometric  measures)  this  can  be  done,  ia  by  Dotii)g  tbe  lime  o«* 
1  whole  transit ;  for  the  relative  anguhw  motion  of  VanoB  beiD|, 
y  prcoisely  kaowD  from  the  tables  of  her  motion,  aod  the  ap^ 
teing  very  nearly  a  straight  line,  these  time*  gise  aa  a  meMun 

t«l<irged  >rah-)  of  the  lengths  of  the  chorda  «f  the  BegmeiM 

1  sines,  and  therefore  their  difference,  or  the  breadth  of  iSe 
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•flequati  to  evcfj  pcurpoie,  bj  only  watching  favonnUe  opportunidesy  and 
teimig  adTtnta^e  of  nioel j  adjuated  combinatioiia  of  oinmnistance.  So  itoi- 
portant  has  the  ohaervataon  appeared  to  aBtroooBiars,  that  at  the  kst  tranab 
af  Vemmf  m  ITfiO,  ezpedhioiia  were  fitted  out,  on  the  meat  extensive  seale^ 
bj  the  Britiab,  French,  Bittrian,  aad  other  gavernments,  to  the  remotest 
oornera  of  the  gbbc^  ibr  tlie  oxpreai  purpose  of  performing  it  The  cele* 
hvatad  expedition  of  Captain  Cook  to  Otaheite  was  one  of  them.  The  gena^ 
al  result  of  all  the  ofaaerratioDS  made  on  this  most  B:iemorable  oecation  gives 
8''6776  for  the  aun's  horizontal  parallax.  The  two  next  occurrences  of 
tUs  phsniomenon  will  happen  on  Dec.  8, 1874,  and  Deo.  6, 1882. 

(482.)  The  orbit  of  Mercury  is  very  elliptical,  the  ezcentricity  being 
nearly  one  fourth  of  the  mean  distance.  This  sppears  from  the  inequality 
of  the  greatest  elongations  from  the  sun,  as  observed  at  different  times, 
and  which  vary  between  the  limits  16^  12^  and  28^  48',  and,  from  exact 
meaaures  of  such  elongations,  it  is  not  difficult  to  show  that  the  orbit  of 
Yenus  also  is  slightly  excentric,  and  that  both  these  pknets,  in  fact^ 
describe  ellipees,  having  the  sun  in  their  common  focus. 

(483.)  Transits  of  Mercury  over  the  sun's  disc  occasionally  occur,  as 
in  the  case  of  Venus,  but  more  frequently ;  those  at  the  ascending  node 
in  November,  at  the  descending  in  May.  The  intervals  (considering 
each  node  separately)  are  ujtualfy  either  13  or  7  years,  and  in  the  order 
IS,  13,  13,  7,  &c. ;  but  owing  to  the  considerable  inclination  of  the  orbit 
of  Mercury  to  the  ecliptic,  this  cannot  be  taken  as  an  exact  expression 
of  the  said  recurrence,  and  it  requires  a  period  of  at  least  217  years  to 
bring  round  the  transits  in  regular  order.  One  will  occur  in  the  present 
year  (1848,)  the  next  in  1861.  They  are  of  maoh  less  aatronomictl 
importanoe  than  that  of  Venus,  on  aocoant  of  the  proximity  of  Mercury 
to  the  sun,  which  affords  a  much  less  ftvourable  combination  for  thf 
determination  of  the  sun's  parallax. 

(484.)  Let  US  now  consider  the  jsuperior  planets,  or  those  whose  orbits 
•ndose  on  all  sides  that  of  the  earth.  That  they  do  so  is  proved  ig 
aavend  cireumstanoes : — Ist,  They  aro  noty  like  the  inforior  planets,  con^ 
fined  to  certain  limits  of  elongation  from  the  sun,  but  appear  at  all  dia> 
lanoes  from  it^  eveq  in  the  opposite  quarter  x)f  the  heavens,  or,  as  it  is 
calledi  in  opposition;  which  could  not  hi^pen,  did  not  the  earth  at  such 
times  place  itself  between  them  and  the  sun :  2dly,  They  never  appear 
homed,  like  Venus  or.  Mercury,  nor  even  semilunar.  Those,  on  the 
contrary,  which,  from  the  minuteness  of  their  parallax,  we  conclude  to  bo 
the  most  distant  from  us,  vis.  Jupiteri  Satuin,  Uranus,  and  Neptimsi 
navar  appear  otherwise  than  round;  a  sqSdent  proof^  9f  itiyslf,  that  im 
see  them  always  in  a  direction  not  very  remote  from  that  in  which  thf 
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of  Jajnter,  of  Japiter  than  of  Saturn,  of  that  phinet  than  of  Uranos, 
and  of  Uranus  again  than  Neptnne.  The  angular  velocity  with  which  a 
planet  appears  to  retrograde  is  easily  ascertained  by  observing  its  apparent 
pkoe  in  the  heavens  from  day  to  day ;  and  from  such  observations;  made 
about  the  time  of  opposition,  it  is  easy  to  conclude  the  relative  magni- 
tudes of  their  orbits,  as  compared  with  the  earth's,  supposing  their 
periodical  times  known.  For,  from  these,  their  mean  angular  velocities 
are  known  alsO|  being  inversely  as  the  times.    Suppose,  then,  £  e  to  be  a 

Fig.  70. 


Tery  small  portion  of  the  earth's  orbit,  and  M  m  a  correspond! ug  portion 
of  that  of  a  superior  planet^  described  on  the  day  of  opposition,  about 
the  sun  S,  on  which  day  the  three  bodies  lie  in  one  straight  line  S  E  M  X. 
Th^n  the  angles  E  S  e  and  M  S  m  are  given.  Now,  if  e  m  be  joined  and 
prolonged  to  meet  S  M  continued  in  X,  the  angle  e  X  E,  which  is  equal 
to  the  alternate  angle  X  «  Y,  is  evidently  the  retrogradation  of  Mars  on 
that  day,  and  is,  therefore,  also  given.  E  e,  therefore,  and  the  angle 
£  X  €,  being  given  in  the  right^mgled  triangle  E  «  X,  the  side  E  X  is 
easily  calculated,  and  thus  S  X  becomes  known.  Consequently,  in  the 
triangle  S  m  X,  we  have  given  the  side  S  X  and  the  two  angles  m  S  X, 
and  m  X  S,  whence  the  other  sides,  8  m,  m  X,  are  easily  determined. 
Now,  S  m  is  no  other  than  the  radius  of  the  orbit  of  the  superior  planet 
required,  which  in  this  calculation  is  supposed  circular,  as  well  as  that  of 
the  earth ;  a  supposition  not  exact,  but  sufficiently  so  to  afford  a  satisfac- 
tory approximation  to  the  dimensions  of  its  orbit,  and  which,  if  the 
process  be  often  repeated,  in  every  variety  of  situation  at  which  the 
opposition  can  occur,  will  ultimately  afford  an  average  or  mean  value  of 
its  diameter  fully  to  be  depended  upon. 

(486.)  To  apply  this  principle,  however,  to  practice,  it  is  necessary  to 
know  the  periodic  times  of  the  several  planets.  These  may  be  obtained 
directly,  as  has  been  already  stated,  by  observing  the  intervals  of  their 
passages  through  the  ecliptic ;  but,  owing  to  the  very  small  inclination  of 
the  orbits  of  some  of  them  to  its  plane,  they  cross  it  so  obliquely  that 
the  precise  moment  of  their  arrival  on  it  is  not  ascertainable,  unless  by 
very  nice  observations.  A»  better  method  consists  in  determining,  from 
the  observations  of  several  sncoessive  days,  the  exact  moments  of  their 
arriving  tn  oppontion  with  the  sun,  the  criterion  of  which  is  a  difference 
of  longitude  between  the  sua  and  planet  it  exactly  180^.  The  mierval 
17 
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ticessivo  oppoailions  tbos  obUined  is  newly  one  ^nodicai  [*■ 
ROuld  be  cxncClj  BO,  were  the  plunet'i  orbit  Rnd   tbat  of  ttl 

e  (and  tbe  criterion  is,  the  iiifipintii^  of  Bacc«aftve  sjnudial 
80  obscn-cd),  the  ftvcrage  of  a  great  number,  taken  in  all  «• 
tuQlion  in  irbicb  tbe  oppoaitioDs  occnr,  will  be  freed  from  tht 
nality,  Bnd  tosy  be  taken  »t,  a,  mean  ni/nodical  period.     Proa 
e  oonaideratione  and  by  the  process  of  calcolation,  indioalH 
ho  nidcreal  pcrioda  are  readily  ohtaiued.     The  accuracy  of  ihit 
on  will,  of  course,  be  greatly  increased  by  embracing  a  long 
tween  the  extrnme  observations  employed.     In    point  of  ftci, 
al  extends  to  nearly  2000  years  in  the  cases  of  the  plineo 
tlio  aneicTit.'i,  who  huvo  recorded  their  observations  of  them  in 
ufficiently  careful  to  be  made  use  of.   Tietr  periods  may,  the» 
-ardcd  ag  aBcertoiocd  with  the  utmoat  exaotDem.     Their  nun* 
will  be  found  stated,  as  well  as  the  RKon  diataocee,  and  all 
iemcnta  of  the  planetary  orbits,  in  tbe  synoptic  taUe  at  tbe 
volume,  to  which  (to  avoid  fepetiUoa)  the  reader  ii  mm  fir 

n  casting  our  eyes  dovrn  tho  list  of  the  plMietaty  distances,  isJ 

tbera  with  the  periodic  times,  »e  canHot  but  be  struck  with  i 
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aenes  of  trigonometry  awl  of  numerical  ealonlation  were  enoomrberBd 
with  diffievItieB,  of  which  the  more  recent  invention  of  loganthmio  tiblail 
hts  happily  left  na  no  conception,  to  perceive  and  demonitrvie  the  real 
kw  of  their  connection.  This  connection  ia  expressed  in  the  Inlawing 
proposition  :  — ^  Tire  squares  of  the  periodic  times  of  any  two  planets  are 
to  each  other,  in  t!he  same  proportion  as  the  cubes  of  th^  mean  distanoea 
from  the  SOB.''  Take,  for  example,  the  Earth  and  Mars,^  whose  periods 
•m  hi  the  proportion  of  8652564  to  6869796,  and  whoae  dbtance  from 
ihe  son  is  that  of  100000  to  152369 ;  and  it  will  be  foand,  by  any  one 
who  will  take  ibe  tnmble  to  go  through  the  calonlation,  that — 

(8652564)*  :  (6869796)« : :  (lOOOOO)'  :  (15236g)*. 

(488.)  Of  all  the  laws  to  which  induction  from  pure  observation  has 
ever  oondncted  man,  this  third  lauo  (as  it  is  called)  of  Kqj^  may  jusUy 
he  regarded  as  the  most  remarkable,  and  the  most  pregnant  with 
important  eonsequences.  When  we  contemplate  the  constituents  of  the 
planetary  system  from  the  point  of  view  which  this  relation  aifords  us,  it 
is  no  longer  mere  analogy  which  strikes  us — no  longer  a  general  resem- 
blance among  them,  as  individuals  independent  of  each  other,  and  circular 
ting  about  the  sun,  each  according  to  its  own  peculiar  nature,  and  con* 
neeted  with  it  by  its  own  peculiar  de.  The  resemblance  is  now  perceived 
to  be  a  true  family  likeness;  they  are  bound  up  in  one  chain — inter- 
woven in  one  web  of  mirtual  relation  and  harmonious  agreement — stib- 
jected  to  one  pervading  inluence,  which  extends  from  the  centre  to  the 
fitrtheat  limits  of  that  great  system,  of  which  all  of  them,  the  earth 
included,  must  henceforth  be  regarded  as  members,  i^ 
/ '  (489.)  The  laws  of  elliptic  motion  about  the  sun  as  a  focus,  and  of  the 
eqoable  description  of  areas  by  lines  joining  the  sun  and  planets,  were 
originally  established  by  Kepler,  from  a  conndcration  of  the  observed 
motions  of  Mars ;  and  were  by  him  extended,  analogically,  to  all  the  other 
planets.  Ilowever  precarious  sudh  an  extension  might  then  have  ap- 
peared, modem  astronomy  has  completely  verified  it  as  a  matter  of  fiict, 
by  the  general  coincidence  of  its  results  with  entire  series  of  observations 
of  the  apparent  places  of  the  planets.  These  are  found  to  accord  satis- 
^torily  with  the  assumption  of  a  particular  ellipse  for  eadh  planet,  whose 
magnitude,  degree  of  cxeentricity,  and  situation  in  space,  are  numerically 
assigned  in  the  synoptic  table  before  referred  to.  It  is  true,  that  when 
observations  are  carried  to  a  high  degree  of  precision,  and  when  each 
planet  is  traced  through  many  successive  revolutions,'  and  its  histoiy  ear^ 

'  The  eaprBMion  of  thia  law  of  Kopler  re<piiret «  stight  modificMion  when  wie  cone 
to  the  ezfreiiM  nicety  of  numerioal  calculation,  idr  the  groater  planeta,  doe  to  tho 
ifffloeuee  of  their  maiies.    This  eotraction  ii  iroperoepiible  for  the  Earth  atid  Mart. 
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y  the  aid  of  colcuIatioDs  founded  on  these  data,  for  muijcMh 

h  more  uomplicatcd  ones  nhich  actually  prevail ;  and  that  la 

ther,  and  at  the  same  time  to  reUin  the  estremely  cODTenieDl 

to  n  certain  esl«nt,  our  verbal  eipreaaion  of  the  laws,  and  to 
numerical  data  or  e/lijitic  eli'Vienls  of  the  planetary  orbite  u 
«ly  permanent,  hut  subject  to  a  series  of  extremely  elotr  and 
eroeptible  changes.     These  changes  may  be  neglected  when  «t 
ly  a  few  revolutions;  but  going  on  from  century  to  centMj, 

a  from  their  ori^nal  state.     Their  explanation  witt  form  the 
1  subsequent  chapter;  but  for  the  present  wo  most  lay  that 
ideration,  as  of  an  order  too  minute  to  affect  the  general  coo- 
to  compare  (he  results  of  the  elliptic  theory  with  DbscmtioD, 

sently. 

t  will  first,  however,  be  proper  to  point  out  vbat  partici^ 

conclusion  is  involved  in  each  of  the  three  lawa  of  Kepter, 
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any  bodj,  vi^ged  towards  a  certain  central  point  by  a  force  continually 
directed  thereto,  and  thereby  deflected  into  a  curvilinear  path,  will  describe 
about  that  centre  equal  areas  in  equal  times;  and  tnce  vend,  that  such 
equable  description  of  areas  is  itself  the  essential  criterion  of  a  continual 
direction  of  the  acting  force  towards  the  centre  to  which  thb  character 
belongs.  The  first  law  of  Kepler,  then,  gives  us  no  information  as  to  the 
nature  or  intensity  of  the  force  urging  the  planeto  to  the  sun ;  the  only 
eoodusion  it  iuTolves  is,  that  it  does  so  urge  them.  It  is  a  property  of 
Oibitnal  rotation  under  the  influence  of  central  forces  genercdlyy  and,  as 
lodi,  we  daily  see  it  exemplified  in  a  thousand  £uniliar  instances.  A 
limple  experimental  illustration  of  it  is  to  tie  a  bullet  to  a  thin  string, 
and,  baring  whirled  it  round  with  a  moderate  velocity  in  a  vertical  plane, 
to  draw  the  end  of  the  string  through  a  small  ring,  or  allow  it  to  coil 
itaelf  round  the  finger,  or  round  a  cylindrical  rod  held  very  firmly  in  a 
horiaontal  position.  The  bullet  will  then  approach  the  centre  of  motion 
in  a  spiral  line ;  and  the  increase  not  only  of  ito  angular  but  of  its  linear 
Telocity,  and  the  rapid  diminution  of  its  periodic  time  when  near  the 
centre,  will  express,  more  clearly  than  any  words,  the  compensation  by 
which  its  uniform  description  of  areas  is  maintained  under  a  constantly 
diminishing  distance.  If  the  motion  be  reversed,  and  the  thread  allowed 
to  uncoil,  beginning  with  a  rapid  impulse,  the  velocity  will  diminish  by 
the  same  degrees  as  it  before  increased.  The  increasing  rapidity  of  a 
dancet^u  pmmeUej  as  he  draws  in  his  limbs  and  straightens  his  whole  per- 
woOf  so  as  to  bring  every  part  of  hb  frame  as  near  as  possible  to  the  axis 
of  his  motion,  is  another  instance  where  the  connection  of  the  observed 
eflfect  with  the  central  force  exerted,  though  equally  real,  is  much  less 
obvious. 

(491.)  The  second  law  of  Kepler,  or  that  which  asserts  that  the  planeto 
describe  ellipses  about  the  sun  as  their  focus,  involves,  as  a  consequence, 
the  law  of  solar  gravitation  (so  be  it  allowed  to  call  the  force,  whatever  it 
be,  which  urges  them  towards  the  sun)  as  exerted  on  each  individual 
planet,  apart  from  all  coonection  with  the  rest  A  straight  line,  dynamic- 
ally speaking,  is  the  only  path  which  can  be  pursued  by  a  body  (tbtoiuiefj^ 
Jrt€^  and  under  the  action  of  no  external  force.  All  deflnction  into  a 
curve  is  evidence  of  the  exertion  of  a  force  ;  and  the  greater  the  deflection 
in  equal  times,  the  more  intense  the  force.  Deflection  from  a  straight 
line  is  only  another  word  for  curvature  of  path ;  and  as  a  eirole  is  chaiw 
acterixed  by  the  uniformity  of  its  curvatures  in  all  its  parts — so  is  every 
other  curve  (as  an  ellipse)  characterized  by  the  particular  law  which  regu- 
lates the  increase  and  diminution  of  its  curvature  as  we  advance  along  its 
circumference.    The  deflecting  force,  thcUi  which  continuaUy  bends  a 
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y  inW  a  curve,  may  be  ascertained,  proTided  Ha  clireatua,!! 

ee,  and,  aecoodlj,  the  law  of  curvalure  of  the  curre  itaelf,  \» 
jtb  theae  enter  as  eicTncnta  into  the  cxpreasion  of  the  tam. 
J  describe,  for  iastanee,  an  ellipse,  under  a  groa*  -wunttj  of 
of  the  aoting  forces :  it  may  glide  along  it,  tot  cxsinjtle,  u  a 
poliabed  wire,  bent  into  an  elliptic  form ;  in  which  case  the 
i»  always  perpendicular  to  the  wire,  and  the  relooit;  m  ni- 
iia  coHe  the  /(^rre  is  directed  ttr  no  jixt'd  centre,  and  then  it 
lescriptioD  of  areas  at  all.     Or  it  may  describe  it  a»  we  aaj 
we  suspend  a  boil  by  a  ccr^  long  string,  and,  drawing  it  t 
from  the  perpendicular,  throw  it  round  with  a  gcBtlo  impalM.    1 
the  acting  force  is  directed  to  the  centre  of  the  ellipse,  about 

(the  decomposed  result  of  terresliial  gravity)  pcrpetoallT 
This  is  at  once  a  very  cosy  experiment,  and  a  very  inatraelira 
sball  again  refer  to  it.     In  the  case  before  as,  of  on  etiipu 
the  action  of  a  force  directed  to  the  /ucut,  the  steps  of  ik 
1  of  the  law  of  force  are  those  :  Ist,  The  law  of  the  area*  de- 
e  actual  veiocilff  of  the  revolving  body  at  every  point,  or  the 
run  over  by  it  in  a  given  minute  portion  of  time;  2dly,  Tin 
aturo  of  the  ellipse  determines  the  lineur  amount  of  deflccliai 
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.  (492.)  TIm  tibird  I»w  of  Kepler,  wbioh  eomiaota  tho  4iiUiieM  and 
periods  of  the  planeto  by  a  general  nite,  bem  with  it>  at  its  theoretical 
ipterpretatiooy  thif  important  ooeaeqaeooe,  yia.  that  it  ia  one  and  the  same 
focoe,  modified  ooly  by  dialaooe  from  the  soq,  which  retains  M  the  planeta 
in  their  orbits  abcmt  it.  That  the  attraetion  of  the  son  (if  sach  it  bo) 
it  exerted  upoa  all  the  bodies  of  our  system  indifierently,  without  regard 
ip  the  peenliar  materials  of  whieh  they  may  coosist^  in  the  exact  proh 
portiou  of  their  inertiwi  or  quaatities  of  matter;  that  it  is  not,  therefore, 
of  the  nature  of  the  elective  attractions  of  chemistry  or  of  msgnetie 
aolfcoq,  whioh  is  powerless  on  other  substances  than  iron  and  some  one  or 
tmo  morsi  biU  is  of  a  more  universal  character,  and  extends  equally  to  all 
the  material  eoostituents  of  our  system,  and  (as  we  shall  heresi^r  see 
fbondant  reason  to  admit)  to  those  of  other  systems  than  our  own.  This 
law,  important  and  general  as  it  is,  results,  as  the  simplest  of  oorollaries, 
from  the  relations  established  by  Newton  in  the  section  of  the  Prindpia 
referred  to  (Prop.  j,y.\  from  which  proposition  it  results,  that  if  the  earth 
were  taken  from  its  actual  orbit,  and  launched  anew  in  space  at  the  place, 
\a  the  direction,  and  with  the  velocity  of  any  of  the  other  planets,  it 
^rould  describe  the  very  same  orbit,  and  in  the  same  period,  which  that 
planet  actually  does,  a  minute  correction  of  the  period  only  excepted, 
seising  frcMoi  the  difference  between  the  mass  of  the  earth  and  that  of  the  - 
placet  Small  as  the  planets  are  compared  to  the  sun,  some  of  them  are 
not,  as  the  earth  is,  mere  atoms  in  the  comparison.  The  strict  wording 
ef  Kepler's  law,  as  Newton  has  proved  in  his  fifty*ninth  pr(^>OBition,  is 
applicable  only  to  the  case  of  planets  whose  proportion  to  the  central 
body  is  absolutely  inappreciable.  When  this  is  not  the  case,  the  periodic 
lime  is  shortened  in  the  proportion  of  the  square  root  of  the  number  ex- 
pressiqg  the  sun's  mass  or  inertias,  to  that  of  the  sum  of  the  numbers 
expressing  the  masses  of  the  sun  and  planet  \  and  in  general,  whatever 
be  tho  masses  of  two  bodies  revolving  round  each  other  under  the  influ- 
eoce  of  the  Newtonian  law  of  gravity,  the  square  of  their  periodic  time 
will  be  expressed  by  a  fraction  whose  numerator  is  the  cube  of  their  mean 
distance,  %.  0.  the  greater  semi-axis  of  their  elliptic  orbit,  and  whose  de- 
nominator is  the  sum  of  their  masses.  When  one  of  the  masses  is  in- 
eomparably  greater  than  the  other,  this  resolves  into  Kepler's  law  \  but 
when  this  is  not  the  case,  the  proposition  thus  generalised  stands  in  lieu 
pf  that  law.  In  the  system  of  the  sun  and  planets,  however,  the  numerical 
correction  thus  introduced  into  the  results  of  Kepler's  law  is  too  small  to 
be  of  any  importance,  the  mass  of  the  largest  of  the  planets  (Jupiter) 
being  much  less  than  a  thousandth  part  of  that  of  the  sun.    We  shall 


[ 
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presently,  however,  penteive  all  the  iinportance  of  this  geDenlimtion, 
when  we  oomo  to  fpeak  of  the  nmtclUtes. 

(493.)  It  will  first,  however,  be  proper  to  eipkin  by  what  proooM  of 
cah'ulution  the  expres^oa  of  a  planet's  clliptjo  orbU  hyita  rrlrm&»l*  can  ha 
conipareil  with  observation,  and  how  we  can  satisfy  oarsolvca  that  the 
nuDiericnl  data  contained  in  a.  table  of  such  elcmeuts  for  the  wliulu  (iyst«io 
does  really  exhibit  a  true  picture  of  it,  and  afford  the  nieaus  of  itMr- 
miniog  ltd  state  at  every  instant  of  time,  by  the  mere  upplication  of  Kep- 
ler's laws.  Now,  for  each  plauet,  it  is  necessary  for  this  purpose  to  know, 
Ist,  the  wa^itude  and  form  of  its  ellipse;  -dly,  the  situation  of  this 
ellipse  in  spaoe,  with  respect  to  the  ecliptic,  and  to  »  fixed  line  drawn 
therein ;  Sdly,  the  local  situation  of  the  planet  in  its  ellipse  at  some  known 
epoch,  and  il^  perioiUc  time  or  mcau  angular  velomty,  or,  as  it  is  called, 
iu  mean  motion. 

(494.)  The  magniludo  and  form  of  an  ellipse  are  determined  by  ita 
greatest  length  and  least  breadth,  or  its  two  principal  axes;  but  for  utro- 
uoinical  uses  it  is  preferable  to  use  the  semi-axis  major  (or  half  the  greatest 
length),  and  the  excentricity  or  distance  of  the  focus  from  the  centre, 
which  last  is  usually  estimaliid  in  parts  of  the  former.  Thus,  an  ellipse, 
whose  length  ia  10  and  breadth  8  parts  of  atiy  scale,  has  for  ita  major 
semi-axis  5,  aod  for  its  esoeutricity  S  such  parts ;  but  when  estimated  in 
parts  of  the  semi-axis,  regarded  as  a  anit,  the  exceotricity  is  eipresBod  bj 
the  fracliou  J. 

(495.)  The  ecliptic  is  the  plane  to  which  an  inbabitiuit  of  the  eartfa 
most  naturally  refers  the  rest  of  the  solar  system,  as  a  sort  of  gronnd- 
plane;  and  the  axis  of  itfi  orbit  might  be  tokeo  for  «  line  of  departnte  in 
that  plane  or  origin  of  angular  reckoning.  Were  the  axis  Jixed,  this 
would  be  the  best  possible  origin  of  longitudes;  but  as  it  has  ■  motion 
(though  an  excessively  slow  one),  there  is,  in  fact,  no  advantage  in  reck- 
oning from  the  axis  more  than  frani  the  line  of  the  equinoxes,  and  astro- 
nomers thereforo  prefer  the  latter,  taking  account  of  ita  variation  by 
the  effect  of  precession,  and  restoring  it,  by  calculation  at  every  in- 
stant, to  a  fixed  position.  Now,  to  determine  the  situation  of  the  ellipse 
described  by  a  planet  with  respect  to  this  plane,  three  eUmtnU  require 
to  be  known:  —  1st,  the  iitcllnation  of  the  plane  of  the  planet's  orlnt 
to  the  plane  of  the  ecliptic;  2dly,  the  line  in  which  these  two  plane* 
intersect  each  other,  which  of  necessity  passes  through  the  sun,  and 
whose  position  with  respect  to  the  line  of  the  equinoxes  is  therefore 
given  by  stating  its  longitude.  Tin's  line  is  called  the  line  of  the 
nodes.  When  the  planet  is  in  this  line,  in  the  act  of  passing  from  the 
south  to  the  north  aide  of  the  ecliptic,  it  is  tn  it*  oKtnding  node,  and 


ELEMENTS  09  A  PLAKBT*8  ORBIT.  265 

its  longiiocle  at  that  moment  is  the  element  called  the  longitude  of  the 
node.  These  two  data  determine  the  sitnation  of  the  plane  of  the  orhit; 
and  there  only  remains,  for  the  complete  determination  of  the  situation 
of  the  planet's  ellipse,  to  know  how  it  is  placed  in  that  plane,  which 
(since  its  focus  is  necessarily  in  the  sun)  is  ascertained  hy  stating  the 
kmgitude  of  its  perihelion,  or  the  place  which  the  extremity  of  the  axis 
nearest  the  sun  occupies,  when  orthographically  projected  on  the  ecliptic. 

(496.)  The  dimensions  and  situation  of  the  planet's  orhit  thus  deter- 
mined,  it  only  remains,  for  a  complete  acquaintance  with  its  history,  to 
determine  the  circumstances  of  its  motion  in  the  orhit  so  precisely  fixed. 
Now,  for  this  purpose,  all  that  is  needed  is  to  know  the  moment  of  time 
when  it  is  either  at  the  perihelion,  or  at  any  other  precisely  determined 
pmnt  of  its  orbit,  and  its  whole  period ;  for  these  being  known,  the  law 
of  the  areas  determines  the  place  at  every  other  instant.  This  moment  is 
called  (when  the  perihelion  is  the  point  chosen)  the  perihelion  pasmge^ 
oty  when  some  point  of  the  orbit  is  fixed  upon,  without  special  reference 
to  the  perihelion,  the  epoch, 

(497.)  Thus,  then,  we  have  seven  particulars  or  elements,  which  must 
be  numerically  stated,  before  we  can  reduce  to  calculation  the  state  of  the 
syatem  at  any  given  moment.  But,  these  known,  it  is  easy  to  ascertain 
the  apparent  positions  of  each  planet,  as  it  would  be  seen  from  the  sun,  or 
18  seen  from  the  earth  at  any  time.  The  former  Is  called  the  heliocentric^ 
the  latter  the  geocentric,  place  of  the  planet. 

(498.)  To  commence  with  the  heliocentric  places.  Let  S  represent 
the  Bun;  PAN  the  orbit  of  the  planet,  being  an  ellipse,  having  the  S  in 
its  focus,  and  A  for  its  perihelion ;  and  let  jp  a  N  T  represent  the  projection 
of  the  orbit  on  the  plane  of  the  ecliptic,  inteUBCCting  the  line  of  equinoxes 

.  Fig.  71. 


St  in  Ty  which,  therefore,  is  the  origin  of  longitudes.  Then  will  S N  be 
the  line  of  nodes;  and  if  we  suppose  B  to  lie  on  the  south,  and  A  on  the 
north  side  of  the  ecliptic,  and  the  direction  of  the  planet's  motion  to  be 
from  B  to  A,  N  will  be  the  ascending  node,  and  the  angle  T  S  N  the  Ion* 
gitude  of  the  node.  In  like  manner,  if  P  be  the  place  of  the  planet  at 
any  time,  and  if  it  and  the  perihelion  A  be  projected  on  the  ecliptic,  upon 
the  points  />,  a,  the  angles  T  S j),  T  S  a,  will  be  the  respective  heliocentric 
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^1  longiludca  of  the  planet  wtil  of  tbe  pcriliolion,  tUe  fonncr  <if  wkicli  in  la 
^B  be  determined,  and  the  Utl«r  is  one  of  tbe  given  eleaenlA.  Lastly,  tbo 
^^  uiglo  />  S  P  is  the  helioceatfio  latitude  of  tbe  plaoet,  vluob  'a  also  re<4uire4 
^M      to  be  known. 

^M  (4!)6.)  Nuw,  the  time  being  given,  and  aUo  tbe  nuMnent  of  the  piftuet'a 

^M      pissing  the  peribchou,  tJic  interval,  ot  tbo  time  of  deeoribing  the  poitioa 

^1      A  I'  of  the  orbit,  ie  given,  and  the  periodical  time,  aod  the  vhole  area  of 

H      ibe  oliipae  being  known,  tho  law  of  proportionality  of  aroa«  Ut  the  times 

H      of  their  description  gives  the  mn^oitude  of  the  area  A  S  I*.     From  tUs 

H      it  is  a  problem  of  pure  geometry  to  determine  tho  oorreapoading  anyfa 

H      ASP,  which  is  called  the  planet's  true  nnoma/y.     This  probleoi  ia  of 

V      the  kind  called  tntDsceodental,  and  has  been  raeolved  hj  a  great  vuriet; 

of   proccases,  some  more,  some  leas  intricate.     It  ofiera,  howeveT,  do 

peculiar  diffioaltj,  and  le  practically  resolved  with  great  facility  by  the 

help  of  tables  constructed  fci  tho  purpose,  adapted  to  the  case  of  each 

I  particular  planet' 
(500.)  Tbe  true  anomaly  thus  obtained,  tho  planet's  angular  dUtaneo 
from  the  node,  or  tho  angle  N  S  P,  is  tt)  be  fouud.  Now,  the  longitudea  of 
the  perihelion  and  node  being  respectively  T  a  and  t  N,  which  are  given, 
their  difference  a  N  is  al^o  given,  and  the  angle  N  of  the  spherical  rigbt- 
augled  triangle  A  N  a,  being  the  inclination  of  the  pbne  of  the  orbit  la 
the  ecliptic,  is  known.  Hence  we  calculate  the  arc  N  A,  or  the  angle 
N  S  A,  v.-\u:\  aii.lrd  l.>  A  S  1",  give,  the  ari^h-  N  S  P  rc.[uired.  And 
from  this,  regarded  as  tbe  measure  of  the  arc  N  P,  forming  the  hypothe- 
Buse  of  the  Tight-angled  spherical  triangle  F  H  p,  whooe  angle  N,  u 
before,  U  known,  it  is  easy  to  obtain  the  other  two  sides,  N  ji  and  Pp. 
The  Latter,  being  the  measure  of  the  angle  j>  S  P,  expresses  the  planet'i 
heliocentric  latitude ;  the  former  measures  the  angle  N  S  /t,  or  the  planet's 
'distance  in  longitude  from  its  node,  which,  added  to  tbe  known  angle 
.<  S  N,  tbe  longitude  of  tbe  node,  gives  the  heliocentric  longitude.     This 

'  It  will  rendily  bo  understood,  iW,  eicepl  in  iha  case  of  uniform  circular  itioiion, 
an  cqimblo  dricrlplioii  of  areai  about  my  cenire  la  ineoai|iatible  with  m  equable  de- 
acripiion  of  angk;  The  abject  of  the  problem  in  ibe  leit  ii  to  pua  frorn  the  area 
tupposed  known,  to  the  angle,  auppoeed  unknown  :  in  other  worda,  to  derive  tbe  Irua 
ainouni  of  angular  nioiion  from  tha  perihelion,  or  the  Irne  anaauly  from  what  is  lech- 
nicnlly  culled  iho  mesn  anomaly,  that  is.  the  mesn  ingulsr  motion  which  woald  have 
hren  periormed  had  (be  motion  I'a  onglt  been  uniform  iniiead  of  lb«  molion  in  «raa. 
It  happen*  foriunaisly,  thai  ihis  is  the  aimpleat  of  all  probleais  of  tha  miiaceDdeiual 
kind,  and  csn  ba  reaolved,  in  the  moat  diliicult  case,  by  ihe  rule  of  "  false  piaiiioD," 

insprciion  by  a  simpis  and  easily  consirucled  piece  of  mechanism,  of  which  the  reader 
may  sea  •  dascription  io  the  Cunbtidga  Fhilasopbical  TraoaacliODB,  vol.  iv.  p.  43S,  bf 
tha  auibot  of  ibia  work. 
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jKOOumf  howww  eiimutoos  it  nuj  appear,  when  oooe  woll  uoderstood  may 
be  gone  throogh  Bnineiically  by  the  aid  of  the  usual  logaritluoio  and  tri« 
gonometrical  tables,  in  little  more  time  than  it  will  have  taken  the  reader 
tp  peruse  its  dcsodption. 

(Ml.)  The  geooentrio  differs  from  the  heliocentric  place  of  a  planet  bj 
lieiaon  of  that  parallactic  change  of  apparent  situation  which  arises  from 
tbe  earth's  motion  in  its  orbit  Were  the  planet's  distances  as  vast  as 
those  of  tbe  stars,  tiie  earth's  orbitual  motion  would  he  insensible  when 
viewed  from  them,  and  thej  would  always  appear  to  us  to  hold  the  same 
idative  situations  among  the  fixed  stars,  as  if  viewed  from  the  sun, ».  e, 
they  would  then  be  seen  in  their  heliocentnc  places.  The  difference,  then| 
between  the  heliocentric  and  geocentric  places  of  a  planet  is,  in  fact,  the 
ftaoB  thing  with  its  paraUax,  arising  from  the  earth's  removal  from  the 
eentre  of  the  system  and  its  ammal  motion.  It  follows  from  this,  that 
tbe  first  step  towards  a  knowledge  of  its  amount,  and  the  consequent 
determinatioii  of  the  apparent  place  of  each  planet,  as  referred  from  the 
aaith  io  the  sphere  of  tbe  fixed  stars,  must  be  to  ascertain  the  proportion 
of  its  linear  distances  from  the  earth  and  from  the  sun,  as  compared  with 
tbe  earth's  distance  from  the  sun,  and  the  angular  positions  of  all  three 
with  respect  to  each  other. 

(502.)  Suppose,  therefore,  S  to  represent  the  sun,  E  the  earth,  and  P 

the  planet;  S  X  the  line  of  equinoxes,  or  E  the  earth's  orbit,  and  Pp 

%  perpendicular  let  fall  from  the  planet  on  tbe  ecliptic    Then  will  the 

angle  S  P  £  (according  to  the  general  notion  of  parallax  conveyed  in  art 

-69)  represent  the  paitUax  of  the  planet  arising  from  the  change  of  station 

Fig.  72. 


from  S  to  £ ;  £  P  will  be  the  apparent  direction  of  the  planet  seen  from 
E ;  and  if  S  Q  be  drawn  parallel  to  £  j>,  the  angle  T  S  Q  will  be  the  geo- 
oentrio longitude  of  the  planet,  while  T  S  £  represents  the  heliocentrio 
longitude  of  the  earth,  T  Sjp  that  of  the  planet  The  former  of  these, 
S  E  T,  is  given  by  the  solar  table ;  the  latter,  T  S  |>,  is  found  by  tbe  pro- 
cess above  described  (art.  500).  Moreover,  S  P  is  the  radius  vector  of 
the  planet's  orbi^  Mid  S  E  that  of  the  earth's,  both  of  which  are  determined 
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from  the  known  dimensions  of  their  rEspcctive  ellipses,  and  the  places  of 
the  bodies  in  them  at  the  assigned  time.  Lastly,  the  angle  P  S  />  is  the 
phinet's  heliocentric  latitude. 

(503. J  Our  object,  then,  is,  froro  all  these  daU,  to  determine  the  angle 
T  S  Q,  and  P  E  />,  which  ia  the  geocentric  latitude.  The  process,  then, 
will  stand  as  follows: — 1st,  In  the  triangle  S  Pp,  right-angled  Ht^  given 
S  P,  and  the  angle  P  S  ;'  (the  planet's  radius  vector  and  heliocentric  lati- 
tude), find  Sp  and  Pp;  2dlj,  In  the  triangle  SEp,  given  Sp  (jurt 
foHiid),  8  E  (the  earth's  radius  vector),  and  the  angle  E  S  ;j  (the  difference 
of  heliocentric  longitudes  of  (he  earth  and  planet},  find  the  angle  9 pH, 
and  the  aide  E  p.  The  former  heing  equal  to  the  alternate  angle  />  S  <^ 
is  the  parallactic  removal  pf  the  planet  in  longitnde,  which,  added  to  r  Sp, 
^vca  its  geocentric  longitude.  The  latter,  E  p  (which  is  called  the  curtate 
fluloRw  of  ihe  planet  from  the  earth),  gives  at  once  the  geocentric  1>6- 
tude,  by  means  of  the  right-angled  triangle  PEj>,  of  which  Yip  and  Vp 
are  known  sides,  and  the  angle  P  E^  is  the  geocentric  latitude  sought. 

(504.)  The  calculations  required  for  these  purposes  are  nothing  bat 
the  most  ordinary  processes  of  plane  trigonometry ;  and,  though  some- 
what tcdions,  are  neither  intricate  nor  diffienlt.  When  executed,  how- 
ever, they  afford  ud  the  roeaus  of  eoniparing  the  places  of  the  planets 
actually  observed  with  the  elliptic  theory,  with  the  utmost  exaetoeag,  and 
thus  patting  it  to  the  severest  trial ;  and  it  is  upon  the  testimony  of  such 
computations,  so  brought  into  comparison  with  observed  facta,  that  we 
declare  that  theory  to  be  a  true  representation  of  nature,  ^ 

(505.)  The  planets  Merenry,  Venus,  Mar«,  Jnpiter,  and  Saturn,  haTB' 
been  known  from  the  earliest  ages  in  which  astronomy  has  been  culti- 
vated. Uranus  was  discovered  by  Sir  W.  Herschel  in  1781,  March  13Ui, 
in  the  course  of  a  review  of  the  heavens,  in  which  every  star  visible  in  a 
telescope  of  a  certain  power  was  brought  under  close  examination,  wfara 
the  new  planet  was  immedtalelj  detected  by  its  diso,  under  a  high  magni- 
fying power.  It  has  since  been  ascertained  to  have  been  observed  on 
many  previous  occasions,  with  telescopes  of  fnsnfficient  power  to  show  its 
disc,  and  even  entered  in  catalogues  as  a  star ;  and  some  of  the  observa- 
tions which  have  been  so  recorded  have  heen  used  to  improve  and  extend 
our  knowledge  of  tts  orhtt.  The  discovery  of  the  ultra- zodiacal  planets 
datas  from  the  first  day  of  1801,  when  Ceres  was  discovered  by  Piazzi,  at 
Palermo ;  a  discovery  speedily  followed  by  those  of  Juno  by  profesBoT 
Harding,  ofOSttingen,  in  1804  ;  and  of  Pallas  and  Vesta,  by  Dr.  Olbera, 
of  Bremen,  in  1802  and  1807  respectively.  It  is  extremely  remarkable 
that  this  important  addition  to  our  system  had  been  in  some  sort  anrmiMd 
u  a  thing  not  nnlikely,  on  the  ground  that  the  inlerral  between  the  orint 
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,of  Meitmrj  and  the  other  planetary  orbits,  go  on  donbling  as  we  recede 
from  the  8un,  or  nearly  ao.  Thus,  the  interval  between  the  orbits  of  the 
Earth  and  Mercnry  is  nearly  twice  that  between  those  of  Venus  and  Mer* 
eory;  that  between  the  orbits  of  Mars  and  Meroory  nearly  twice  that 
between  the  Earth  and  Mercury :  and  so  on.  The  interval  between  tbe 
orbits  of  Jupiter  and  Mercury,  however,  is  much  too  great,  and  would 
form  an  exception  to  this  law,  which  is,  however,  again  resumed  in  the 
case  of  the  three  planets  next  in  order  of  remoteness,  Jupiter,  Saturn,  and 
TTranus.  It  was  therefore  thrown  out,  by  the  late  professor  Bode,  of  Ber- 
linj*  as  a  possible  surmise,  that  a  planet  not  then  yet  discovered  might 
exist  between  Mars  and  Jupiter:  and  it  may  easily  be  imagined  what 
was  the  astonishment  of  astronomers  on  finding  not  only  one,  but  four 
planets,  differing  greatly  in  all  the  other  elements  of  their  orbits,  but 
agreeing  very  nearly,  both  inter  se,  and  with  the  above  stated  empirical 
law,  in  respect  of  their  mean  distances  from  the  sun.  No  account,  dpru 
cri  or  from  theory,  was  to  be  given  of  this  singular  progression,  which  is 
not^  like  Kepler's  laws,  strictly  exact  in  numerical  verification ;  but  the 
circumstances  we  have  just  mentioned  tended  to  create  a  strong  belief  that 
it  was  something  beyond  a  mere  accidental  coincidence,  and  bore  reference 
to  the  essential  structure  of  the  planetary  system.  It  was  even  conjeo- 
tnred  that  the  ultra-codiacal  planets  are  fragments  of  some  greater  planet 
which  formerly  droulated  in  that  interval,  but  which  has  been  blown  to 
atoms  by  an  explosion ;  an  idea  countenanced  by  the  exceeding  minute- 
neas  of  these  bodies  which  present  discs ;  and  it  was  argued  that  in  that 
case  innumerable  more  such  fragments  must  exist  and  might  come  to  be 
hereafter  discovered.  Whatever  may  be  thought  of  such  a  speculation  as 
a  physical  hypothesis,  this  conclusion  has  been  verified  to  a  considerable 
extent  as  a  matter  of  fiict  by  subsequent  discovery,  the  result  of  a  careful 
and  minute  examination  and  mapping  down  of  the  smaller  stars  in  and 
near  the  lodiac,  undertaken  with  that  express  object  Zodiacal  charts  of 
this  kind,  the  product  of  the  zeal  and  industry  of  many  astronomers,  have 
been  constructed,  in  which  every  star  down  to  the  ninth  or  tenth  magni- 
tude is  inserted,  and  these  stars  being  compared  with  the  actual  stars  of 
the  heavens,  the  intrusion  of  any  stranger  within  their  limits  cannot  fail 
to  bo  noticed  when  the  comparison  is  systematically  conducted.  The  dis- 
covery of  Astreea,  and  that  of  Hebe  by  Professor  Hencke,  date  respec- 
tirely  from  December  8th,  1845,  and  July  1st,  1847;  those  of  Iris  and 

■  The  empirioal  law  itself^  m  we  have  abore  atafed  it,  b  aacribed  by  Voiron,  not  to 
Bode  (who  would  appear,  however,  at  all  erenta,  to  have  firat  drawn  attention  to  thie 
iaierpretalion  of  iu  intemipiioD),  bat  to  Profeeaor  Titioa  of  Wittemberg.  (Voiron, 
Sapplement  to  Bailljr.) 
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Flora,  by  Mr.  Hind,  from  August  13th  and  October  Ifttb,  11^47 ;  of  Me- 
tis, by  Mr.  OnAam,  from  April  25,  1848;  and  of  Hygeia,  by  M.  De 
Oaspris,  April  ISth,  1849. 

(506.)  Tbe  discovery  of  Neptune  marks  in  a  signal  toanner  the  mattl- 
rity  of  ostTODomieol  science.  The  proof,  or  nt  least  Ibc  nrgept  pr(«UTn|>- 
^tion  of  tbe  eiiRteoce  of  such  a  planet,  as  a  means  of  Bccoonriug  (by  its 
attraction)  tar  certain  omall  irregularities  observed  in  tbe  motions  of 
UrtDSS,  was  afforded  almost  siuultaneou^ly  by  the  independent  researcbee 
of  two  geometers,  Meaara.  Adnina  of  Conibridge  and  Leterrier  of  Paris, 
*rho  wtrre  enabled,  Jrom  fhi-ory  <ilime,  to  calcnlate  whereabootB  il  onglit 
(0  appear  in  the  heavens,  >/  vimlh,  tbo  places  thns  iodepCTidcntly  calca- 
lated  agreeing  surprisingly.  Within  a  tingJf  tf/yrrr  (rf'the  place  assigned 
by  M.  Levcrrier's  calcnlnfiona,  and  by  him  eommuniesled  to  Dr.  Oafle  of 
the  Iloyal  Observatory  at  Berlin,  it  was  nctnally  fonnd  by  that  aatronomor 
on  the  very  firet  night  after  (he  receipt  of  (hat  eommnnication,  on  turning 
a  telefcope  00  tbe  spot,  and  eomparing  ibe  stars  in  its  immediate  neigh- 
bourhoijd  wkb  those  previously  laid  down  in  one  of  tbo  lodineal  charts 
already  alluded  to.'  This  remarltable  verification  of  an  indication  K> 
extraordinary  toot  place  on  the  23d  of  September,  lS-t6,* 

(&07.)  The  mean  distanoe  of  Neptune  from  the  snn,  however,  «o  ht 
from  fiiding  in  with  tbo  supposed  law  of  planetary  distances  above  men- 
tioned, offers  a  decided  case  of  discordance.  The  interval  between  its 
orbit  and  (hat  of  Mercury,  instead  of  l>eing  nearly  double  the  iniorra] 
belwi'cn  iTiOfe  of  Uranus  and  Mercurj',  does  not,  in  fact,  eicecd  the  lallcr 
interval  by  tnooh  more  than  half  its  amount  Thia  remailallle  ezoepdos 
my  aerve  to  make  ns  cantioua  in  the  too  ready  adrnjadon  of  etopirickl 
Itwa  of  tbfs  natare  to  the  rank  of  fundamental  tmtbs,  though,  u  in  tbe 
|)TewDt  instance,  they  may  prove  nseful  anziliaries,  and  serve  as  stepping 
atones,  afbrding  a  temporary  footing  in  the  path  to  great  discoveries.  The 
force  of  tfaia  remark  will  be  more  apparent  wbeo  we  come  fo  explun  mora 

■  ContirMMd  faj  Dr.  Bremikcr,  of  Berlin.  On  rending  Iba  hbtorr  of  thii  Dobh 
dlMOTtry,  Wa  are  rsidj  to  eiclalm  wiih  SchiUar — 

"  Mil  dem  Genilu  flehi  die  NaloT  in  ewigein  Brada, 

Wu  der  Eine  cenprichi  lieiiet  die  Andre  gewiM." 

■Profenor  Chillia,  of  ihe  Cimbridge  ObHrrali^.  direcapg  ibe  NorthOaibnland 

teleecope  of  ihil  InilJIutioD  la  ihe  place  igpigne^  by  Mr.Adtnit'BCslculslJoat  and  ita 

vldnii]',  on  i1w4ih  iTiii  ISih  of  Augun  1M6,  uw  ihe  pitnei  on  both  thoH  dsje,  and 

DOlsd  iiR  plice  (imong  ihoee  of  oiher  ■lara]  for  re-obiemliDa,     He,  hoveTtr,  paM- 

ponad  ilw  sMipariMn  of  tbe  place*  obasrvad,  and,  not  pamtamog  Di.  BremHic/a 

ebin  (whiob  would  bave  at  once  indicated  (he  preaenea  of  a 

renwioed  in  igaanaea  of  ibe  plinei'i 

r     mani  m  such  bf  Dr.  GaUe. 
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{iBtlaetiltrly  t^  nttture  of  the  theoretioal  views  whieb  led  to  the  diflcorery 
df  Neptane  itself. 

(508.)  We  shsil  devote  the  reBt  of  this  chapter  to  an  aoconnt  of  the 
phjrsieal  peMiliifrities  a»d  probable  oonditioii  of  the  several  planets,  so  hg 
m  tiie  feraier  are  knowa  by  observatioD,  or  the  ktter  rest  on  probable 
gnmnds  of  oobjedtave.  It  this,  three  features  principally  strike  us  jm 
tteeeasarily  {>tt)dnotive  of  extraordinary  diversHy  in  the  provisions  by 
trhieh,  if  they  be,  like  onr  earth,  inhabited,  animal  life  mnst  be  supported. 
These  are,  first,  the  diiferenee  in  their  respective  supplies  of  light  and 
Iwil  from  the  mm)  secondly,  the  difference  in  the  mtensities  of  the 
gravitating  fotoes  which  mu<tt  subsist  at  their  surfiMses,  or  the  differeoft 
Mioe  which/ Ob  fheir  several  globes,  the  ttwrtim  of  bodies  must  bear  to 
thetr  weight$;  and,  tiiiidly,  the  diferenee  in  the  nature  of  the  materiaMi 
of  which,  fipom  what  we  know  of  their  mean  densify,  we  have  every 
'teaaon  to  believe  they  consist.  The  intensity  of  solar  imdiation  is  nearly 
Sflfren  times  greater  on  Mercury  than  on  the  Earth,  and  on  Uranos  3d6 
'ihnes  less ;  the  proportion  between  the  two  extremes  being  that  of  upwanb 
of  2000  to  1.*  L^  any  one  figure  to  himself  the  condition  of  our  glolM, 
vrere  the  sua  to  be  septupled,  to  say  nothing  of  the  greater  ratio  I  or  were 
it  diminished  to  a  eeventh,  or  to  a  300th  of  its  aotoail  power !  Again, 
"tiie  intennty  of  gravity,  or  its  efficacy  in  eounteraeting  muscular  power 
and  repressing  animal  activity,  on  Jupiter,  is  neariy  two  and  a  half  times 
Aat  on  the  earth,  on  Nan  not  more  than  one-half^  on  tiie  Moon  on^ 
nxth,  and  on  the  smaller  planets  probably  not  more  than  one-twentieth-; 
giidng  a  scale  of  which,  the  extremes  are  in  the  proportion  of  sixty  to  one. 
Lastly,  the  density  of  Saturn  hardly  exceeds  one^ighdi  of  the  mean 
density  of  the  Earth,  so  that  it  ttrast  consist  of  materials  not  moch  heavier 
than  cork.  Now,  under  the  various  combinations  of  elements  so  important 
to  life  as  these,  what  immense  diversity  must  we  not  admit  in  the  oomdi- 
tions  of  tiiat  great  problem,  the  maintenance  of  animal  and  intellectual 
existence  and  happiness,  which  seems,  so  ftor  as  we  «an  judge  by  what  we 
aee  around  us  in  ottr  own  planet,  and  by  the  way  in  which  every  comer 
of  it  is  crowded  with  living  beings,  to  form  an  tmeeasing  and  worthy 
object  for  the  exercise  of  the  Benevolence  and  Wisdom  which  preside 
over  all  I 

(509.)  Quitting,  howetf«r,  the  region  of  mere  speeulation,  we  will  now 
show  what  information  the  telef!cope  affords  us  of  the  actual  condition  of 
the  several  planets  within  its  reach.  Of  Mercury  we  can  see  little  more 
tliati  that  it  is  round,  and  exhibits  pbtses.  It  is  too  small,  and  too  much 
lost  in  the  constant  neighbourhood  of  the  Sun,  to  allow  us  to  make  oat 
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more  of  ito  nature.  The  real  diameter  of  Mercury  is  about  3200  mil«t: 
its  apparent  diameter  varies  from  5"  to  12".  Nor  does  Venus  offer  any 
remarkable  peculiarities :  although  its  real  diameter  is  7S0O  miles,  and 
klthough  it  occasiooallj  attains  the  considerable  apparent  diameter  of  61', 
whicb  is  larger  tban  that  of  hoy  other  planet,  it  is  ;ct  the  moat  difficult 
of  them  all  to  defioo  (viih  telescopes.  The  intense  lustre  of  its  illumin- 
ated part  diizisles  the  sight,  and  exaggerates  every  imperfection  of  tlie  lele- 
soope;  jet  nc  Bee  clearly  that  its  surface  is  not  mottled  over  with  permancDt 
Bpota  like  the  Moon ;  we  notice  in  it  neither  mountains  nor  sliadows,  bnt 
a  uniform  brightness,  ia  which  sometimes  we  maj  indeed  fancy,  or  per- 
haps more  than  timcy,  brighter  or  obscurer  portions,  hut  can  seldom  or 
never  rest  fully  satisfied  of  the  fact.  It  is  from  some  observations  of  this 
kind  that  both  Venus  and  Slercury  have  been  concluded  to  revolve  on 
their  aseB  in  about  the  same  time  as  the  Earth,  though  in  the  case  of 
Venus,  Bianoliini  and  other  more  recent  observers  have  contended  for  a 
period  of  twenty-four  times  that  length.  The  most  natural  concIuMon, 
from  the  very  rare  appearance  and  want  of  permanence  in  the  Bpota,  is, 
that  we  do  not  sec,  as  in  the  Itloon,  (he  real  surface  of  these  planets,  but 
only  their  atmospheres,  much  loaded  witli  clouds,  and  which  may  serve 
to  mitigate  the  otherwise  intense  glare  of  their  sunshine. 

(510.^  The  case  is  very  different  with  Mara.  In  this  planet  we  fre- 
quently discern,  with  perfect  distinctneBS,  (he  outlines  of  what  may  be 
continents  and  i?cas.  1^01;  Plato  I.,/';/.  1.,  "hJL'h  rejirL'sents  Mara  in  its 
gibbous  state,  as  seen  on  the  I6th  of  August,  1830,  in  the  20-feet 
reflector  at  Slongh.)  Of  these,  the  former  are  distinguished  by  that 
ruddy  colour  which  characterizes  the  light  of  this  planet  (which  always 
appears  red  and  fiery),  and  indicates,  no  doubt^  au  ochrey  tinge  in  tbe 
general  soil,  like  what  tbe  red  sandstone  districts  on  tbe  £arth  may  poi- 
■ibly  offer  to  the  inhabitants  of  Mara,  only  more  decided.  Contrasted 
with  this  (by  a  general  law  in  optics),  the  seas,  as  we  may  call  them, 
appear  greenish.'  These  spots,  however,  are  not  always  to  be  seen 
equally  distinct,  but,  when  Ken,  they  offer  the  appearance  of  forms  eon- 
nderably  definite  and  highly  characteristic,'  brought  successively  into 
view  by  the  rotation  of  the  planet,  from  the  assiduous  observation  of 

■  I  have  noiiced  the  phenomena  ducribed  in  Ihe  leil  on  man;  occasions,  but  ncm 
mora  diaiincl  llian  on  ibe  oecssion  when  the  Urawing  wh  mida  from  which  the  figun 
in  Plate  I.  ib  engraved.  —  Anthar. 

'  Ths  reader  will  find  ininr  o(  theM  forms  repreMRied  in  Schumacher's  Aitnut- 
mi»A$  iVacilricllHi,  No.  191,  434,  uid  in  tbe  chart  in  No.  349,  t);  Meura.  Beer  sad 
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which  it  has  even  been  found  practicable  to  constract  a  rude  chart  of  the 
Borfaoe  of  the  pknet  The  variety  in  the  spots  may  arise  from  the  planet 
not  being  destitute  of  atmosphere  and  clouds ;  and  what  adds  greatly  to 
the  probability  of  this  is  the  appearance  of  brilliant  white  spots  at  its 
pdeSy — one  of  which  appears  in  our  figure,  —  which  have  been  oonjeo- 
tored,  with  some  probability,  to  be  snow ;  as  they  disi^pear  when  they 
have  been  long  exposed  to  the  sun,  and  are  greatest  when  just  emerging 
from  the  long  night  of  their  polar  winter,  the  snow  line  then  extending 
to  about  six  degrees  (reckoned  on  a  meridian  of  the  planet)  from  the  pole. 
By  watching  the  spots  during  a  whole  night,  and  on  successive  nights,  it 
is  found  that  Mars  has  a  rotation  on  an  axis  inclined  about  30^  18'  to  the 
ecliptic,  and  in  a  period  of  24**  37*  23"  in  the  same  direction  as  the 
Earth's,  or  from  west  to  east.  The  greatest  and  least  apparent  diameters 
of  Mars  are  4"  and  18'',  and  its  real  diameter  about  4100  miles. 

(511.)  We  now  come  to  a  much  more  magnificent  planet,  Jupiter,  the 
largest  of  them  all,  being  in  diameter  no  less  than  87,000  miles,  and  in 
balk  exceeding  that  of  the  Earth  nearly  1300  times.  It  is,  moreover, 
dignified  by  the  attendance  of  four  moons,  sattUiteSy  or  Kcondqry  plaiietsj 
as  they  are  called,  which  constantly  accompany  and  revolve  about  it,  as 
the  Moon  does  round  the  Earth,  and  in  the  same  direction,  forming  with 
their  principal,  or  jpn'mary,  a  beautiful  miniature  system,  entirely  analo- 
gous to  that  greater  one  of  which  their  central  body  is  itself  a  member, 
obeying  the  same  laws,  and  exemplifying,  in  the  most  striking  and  in- 
Btmetive  manner,  the  prevalence  of  the  gravitating  power  as  the  ruling 
principle  of  their  motions :  of  these,  however,  we  shall  speak  more  at 
luge  in  the  next  chapter. 

(512.)  The  disc  of  Jupiter  is  always  observed  to  be  crossed  in  one 
certain  direction  by  dark  bands  or  belts  presenting  the  appearance,  in 
Hate  m.  fig,  2.,  which  represents  this  planet  as  seen  on  the  23d  of  Sep- 
tember, 1832,  in  the  20-feet  reflector  at  Slough.  These  belts  are,  how- 
ever, by  no  means  alike  at  all  times ;  they  vary  in  breadth  and  in  situa- 
tion on  the  disc  (though  never  in  their  general  direction).  They  have 
even  been  seen  broken  up  and  distributed  over  the  whole  fiM»  of  the 
planet;  but  this  phsenomenon  is  extremely  rare.  Branches  running  out 
from  them,  and  subdivisions,  as  represented  in  tba  figure,  as  well  as  evi- 
dent dark  spots,  are  by  no  means  uncommon ;  and  from  these,  attentively 
watched,  it  is  concluded  that  this  planet  revolves  in  the  surprisingly  short 
period  of  9^  55  ■  50*  (sid.  time),  on  an  axis  perpendicular  to  the  direction 

*  Beer  and  Madler,  Aitr.  Nadkr.  349. 
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of  tho  belts.  Novr,  it  is  ver;  remorkablo,  and  farms  a  must  satisfactory 
comment  on  the  reasoniog  hy  irhich  the  Bpfaproidal  figure  of  the  Earth 
has  been  deduced  from  its  diatnnl  rotation,  that  the  outline  of  Jupiter's 
diao  ia  evident!;  not  circulsr,  but  elliptic,  being  coneidenibly  flattened  in 
the  directioQ  of  itA  axis  of  rotation.  This  appearance  is  no  optical  illo- 
BioD,  bnt  is  aathenticated  by  micrometrical  measures,  irhich  assign  107  to 
100  for  the  proportion  of  the  equatorial  and  polar  diamotcre.  And  to 
oonfitm  in  tho  strongest  manner,  the  trnlh  of  those  principles  on  whi<^ 
our  former  conclusions  buve  been  founded,  and  fully  to  authorize  their 
extension  to  this  remote  system,  it  appears,  on  caloutation,  that  this  ^ 
really  the  degree  of  oblateness  which  corresponds,  on  those  prindpletf  M 
the  dimcuBioDs  of  Jupit«r,  and  to  tho  time  of  hia  rotation.  i 

(513.)  The  parallelism  of  the  belts  to  tho  equator  of  Jupiter,  thcM 
occusional  T&riations,  and  the  appearances  of  spots  seen  upon  tbein,  rcudM 
it  extremely  probable  that  they  subsist  in  the  atmosphere  of  the  plan 
forming  tracts  of  comparatively  clear  sky,  determined  by  curre 
gous  to  OQT  trade-winds,  but  of  a  much  more  steady  and  decided  characH 
BS  might  indeed  be  expected  from  the  immense  velocity  of  its 
That  it  is  the  comparatively  darker  body  of  the  planet  vrhich  appcanj 
the  belts  u  evident  from  this, — that  they  do  not  come  up  in 
strength  tfl  the  edge  of  the  disc,  but  fade  away  gradually  before  l! 
reach  it     (Seo  Plate  III.  /^.  2.)     The  apparent  diameter  of  Jnfjl 
varies  from  30"  to  46". 

(514.)  A  still  more  wonderful,  and)  as  it  may  be  termed,  elaboratehf 
artificial  mechanism,  is  displayed  in  Saturn,  the  next  in  order  of  remotlf^ 
ness  to  Jupiter,  to  which  it  ii*  not  much  iuferior  in  magnitude,  being  abonl' 
79,000  miles  iu  diameter,  nearly  1000  times  exceeding  the  earth  in  bnlk, 
and  subtending  an  apparent  angular  diameter  at  the  earth,  of  about  18" 
at  its  mean  distance.  This  stupendous  globe,  besides  being  attended  b| 
DO  lees  than  seven  satellites,  or  moons,  is  surrounded  by  two  broad,  fltt, 
extremely  thin  rings,  concentric  with  the  planet  and  with  each  other; 
both  lying  in  one  plane,  and  sepaVat^jd  by  u  very  narrow  interval  from 
each  other  throughout  their  whole  circumference,  as  they  nre  from  the 
pknet  by  a  mooli  widar.  The  dimeDUODa  of  this  extraordinary  appeadifl- 
are  as  follows '  :— 

'  Thea*  dimannoo*  are  okalated  from  Prof.  Sirdva's  micronieliic  rneuura,  H^ 
Art.  Soc  lit.  301,  wiih  the  caccpiion  ol  the  ihickneu  of  tha  nog,  wbich  u  cond*M 
from  ita  loul  dinppearaDee  in  IB33,  in  a  lelaacop*  which  would  cenalnly  ban  iIibwIi 
at  a  vialble  object,  ■  Una  of  iighl  ooe-lwenlielh  of  a  KCond  in  brewJlh.  The  intunl 
«f  the  riii(i  hcra  aiatad  i*  poamblf  loniewbai  loo  amalL 
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"  Mn«i. 

Exterior  diameter  of  exterior  ring 40*095  =  176,418 

Interior  ditto 35-289=155,272 

fUterior  diameter  of  interior  ring 34*475=  151,690 

Interiorditto 36-668=117,339 

E^iuatorial'diameterofthebody 17*991=  79,160 

Interval  between  th^  planet  and  interior  ring 4-339  =  19,090 

Interval  of. the  rings 0*408=     1,791 

Thickn'eas  of  the  rings  not  exceeding =       250 

The  figure  (^fig.  8,  Plate  IH.)  represents  Saturn  sarronnded  bj  its  rings, 

and  having  its  body  striped  with  dark  belts,  somewhat  similar,  but  broader 

and  less  strongly  marked  than  those  of  Jupiter,  and  owing,  doubtless,  to 

a  similar  cause.'    That  the  ring  is  a  solid  opake  substance  is  shown  by  .its 

throwing  its  shadow  on  the  body  of  the  planet,  on  the  side  neardet  the 

•an,  and  on  the  other  side  receiving  that  of  the  body,  as  shown  in  the 

figiixe.     From  the  parallelism  of  the  belts  with  the  plane  of- the  ring  it. 

may  be  conjectured  that  the  axis  of  rotation  of  the  planet  is  perpendicular 

to  tha^  plftoe  >  ^^  ^^  conjecture  is  confirmed  by  the  occasional  appearance . 

oC  ei^tansive  dusky  qx>ts  on  its  surfiuse,  ifhich  when  watched,  like  the 

apota  on  Mars  or  Jupiter,  indicate  a  rotation  in  10^  29"  17*  about  an  axis 

aositoated.  M 

(515.)  The  axiAjof  rotation,  like  that  of  the  earth,  preeerves  its  paral-. 

leUsm  to  itself  during  the  motion  of  the  planet  in  its  orbit;  and  the  same . 

la  also  the  case  with  the  ring,  whose  plane  is  constantly  inclined  at  the 

aame,  or  very  nearly  the.  same,  angle  to  that  of  the  orbit,  and,  therefote, 

to  the  ediptio,  Tis.  2^^.11';  and  intersects  the  latter  jdane  in  a  line, 

which  makes  at  present?  an  angle  with  the  line  of  aqninozes  of  167^  81'. 

So  that  the  modta  of  iha  nii^  lie  in  l^V  81'.  and  847''  81'  of  ^hmgitude. . 

Whenever,  then,  the  planet  happens  to  be  situated,  m  one  or  other  of  theae  - 

loogitndes,  aa  at  C,  the  plane  of  the  ring  passes  through  the  sun,  which  • 

then  illuminates  only  the  edge  of  it    And  if  the  earth  at  that  moment 

be  in  E,  it  will  see  the  ring  edgewayi^  the  planet  being  in  opposition,  and 

therefore  most  fiivouiably  sitjaated  (c»teri»  par%bu§).'  for  observation. 

Under  these  ciccamstances  the  ring,  if. seen  at  all,  tan  xmly  appear  as^a.. 

very  narrow,  straight  line  of  light  projecting  on  either  side  of  tiie  body  as. 

a  prolongation  of  its  diameter.    In  fiict,  it  is  quite  invisible  in  any  but 

telescopes  of  extraordinary  power.'    This  remarkable  phenomenon  takes 
'.'■•.  ■  ..... 

■  The  equtlorial  bright  belt  is  generally  well  seen.    The  ■ubdivision  of  the  dark  one 
by  two  narrow  bright  bands  is  seldom  so  distinct  at  repcesentbd  m  the  plate. 

*  AM^ocdiog  to.BsMtl,  tb«  fengimde  of  the  node  of  the  ring  increases  46"*462  per 
anDaiii»^<Ig4a0Qjytpraal$6<'.A3'8"-9.        

*  Its  ^mpppmnm  was  ttmptM*  when  observed  with  a  reflector  eighteen  inches  in 
apeftnre  and  twenty  feet  in  fecal  length,  on  the  29th  of  April,  1833,  by  the  author. 


place  at  inlen-ala  of  fifteen  yeara  nenrlj  ^being  a  semi-period  of  Saturn  in 
itfl  orbit).  One  disappearance  at  least  must  take  place  wbeneTer  Saturn 
pBBses  either  code  of  its  orbit;  but  tbree  must  frcqueDtly  happen,  and 
tvo  are  possible.  To  show  this,  suppo^  S  to  be  the  bud,  A  B  C  D  part 
of  Saturn's  orbit  situated  so  as  to  include  the  node  of  the  ring  (at  C); 
E  F  G  H  the  earth's  orbit :  S  G  the  line  of  the  node-;  E  B,  G  D  pawLel 
to  S  C  toDching  the  earth's  orbit  in  E  G;  and  let  the  dircctidn  of  motion 
of  both  bodies  be  that  indicated  by  the  Hirov.  Thea  aiacc  the  ring  pre- 
Betvea  its  parallelism,  its  plane  can  nowhere  intersect  the  earth's  orliit.  aud 
therefore  do  disappeantnce  can  take  plac«,  onlcss  the  planet  be  between  B 
and  D :  and,  on  the  other  hand,  a  disappearance  is  possible  (if  the  earth 
be  rightly  situated)  dnriog  tbe  whole  time  of  the  description  of  the  an 
B  D.  Now,  uDce  S  B  or  S  B,  the  distanee  of  Saturn  from  the  San,  a  to 
SBor  SG,  that  of  the  Earth,  as  9  54  to  1,  the  angle  CSDorCSB  — 
6°  1',  and  the  whole  angle  BSD  =  12°  2',  which  is  described  by  Satnni 
(on  an  average)  in  3&9'46  days,  wanting  only  5  8  daya  of  a  complete 
year.  The  Earth  then  describes  very  nearly  an  entire  rcTolution  within 
the  limits  of  time  when  a  diaappearanee  is  possible;  and  unce,  in  eitha 
half  Of  its  orbit  E  F  G  or  Q  H  F,  it  may  equally  enconnler  the  plane 
of  the  ring,  one  such  enoounter  at  least  is  nnavoidable  within  the  time 
specified. 

(516.)  Let  G  a  be  the  are  of  the  Earth's  orbtt  described  from  0  in 
6'8  days.  Then  if,  at  the  moment  of  Saturn's  arrival  at  B,  the  Earth  be 
at  a,  it  will  encounter  the  plane  of  the  ring  advancing  parallel  tp  itself 
and  to  B  E  to  meet  it,  somewhere  in  the  quadrant  H  E,  as  at  M,  after 
which  it  will  be  behind  that  plane  (with  reference  to  the  direoticm  of 
Satom'i  motion)  tlirough  all  the  arc  M  E  F  G  up  to  Q,  where  it  will 
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agidn  overtake  it  at  the  very  moment  of  the  planet  quitting  the  arc  B  D. 
In  this  state  of  things  there  will  be  two  disappearances.  If^  when  Saturn 
is  at  B,  the  Earth  be  anywhere  in  the  arc  a  H  E;  it  is  equally  evident 
that  it  will  meet  and  pass  through  the  advancing  plane  of  the  ring  some- 
where in  the  quadrant  H  E,  that  it  will  again  overtake  and  pass  through 
it  somewhere  in  the  semicircle  E  F  G,  and  again  meet  it  in  some  point 
of  the  quadrant  G  H,  so  that  three  disappearances  will  take  place.  So, 
alsOi  if  the  Earth  be  at  E  when  Saturn  is  at  B,  the  motion  of  the  Earth 
being  at  that  instant  directly  towards  B,  the  plane  of  the  ring  will  for  a 
short  time  leave  it  behind ;  but  the  ground  so  lost  being  rapidly  reguned 
as  the  earth's  motion  becomes  oblique  to  the  line  of  junction^  it  will  soon 
overtake  and  pass  through  the  plane  in  the  early  part  of  the  quadrant 
E  F;  and  passing  on  through  G  before  Saturn  arrives  at  D^  will  meet  the 
plane  again  in  the  quadrant  G  H.  The  same  will  continue  up  to  a  certain 
point  by  at  which,  if  the  Earth  be  initially  situated,  there  will  be  but  two 
disappearances  —  the  plane  of  the  ring  there  overtaking  the  Earth  for  an 
instant,  and  being  immediately  again  left  behind  by  it,  to  be  again  en- 
countered by  it  in  G  H.  Finally,  if  the  initial  place  of  the  Earth  (when 
[^tnm  is  at  B)  be  in  the  arc  &  F  a, 'there  will  be  but  one  passage  through 
the  plane  of  the  ring,  viz.,  in  the  semicircle  G  H  E,  the  Earth  being  in 
advance  of  that  plane  throughout  the  whole  of  h  G. 

(517.)  The  appearances  will  moreover  be  varied  according  as  the  Earth 
passes  from  the  enlightened  to  the  unenlightened  side  of  the  ring,  or  vice 
vend.  If  G  be  the  ascending  node  of  the  ring,  and  if  the  under  side  of  . 
the  paper  be  supposed  south  and  the  upper  north  of  the  ecliptic,  then, 
when  the  Earth  meets  the  plane  of  the  ring  in  the  quadrant  H  E,  it 
passes  from  the  bright  to  the  dark  side :  where  it  overtakes  it  in  the 
quadrant  E  F,  the  contrary;  Vice  versd,  when  it  overtakes  it  in  F  G, 
tiie  transition  is  ^m  the  bright  to  the  dark  side,  and  the  contrary  where 
it  meets  it  in  G  H.  On  the  other  hand,  when  the  Earth  is  overtaken  by 
the  ring-plane  in  the  -  interval  E  ft,  the  change  is  from  the  bright  to  the 
dark  side.  When  the  dark  side  is  exposed  to  sight,  the  aspect  of  the 
planet  is  very  singular.  It  appears  as  a  bright  round  disc,  with  its  belts, 
&c.,  but  crossed  equatorially  by  a  narrow  and  perfect  black  line.  This 
can  never  of  course  happen  when  the  planet  is  more  than  6^  1'  from  the 
node  of  the  ring.  Generally,  the  northern  side  is  enlightened  and  visible 
when  the  heliooentrio  longitude  of  Saturn  is  between  178^  32'  and 
841®  S(f,  and  the  southern  when  between  363<*  32'  and  161^  30'.  The 
greatest  opening  of  the  ring  occurs  when  the  planet  is  situated  at  90°  dis- 
tance from  the  node  of  the  ring,  or  in  lon^tudes  77°  81'  and  257°  81'| 
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^M     >nd  at  these  polote  the  longer  diameter  of  its  apparent  ellipM  u  ftlmort 

^V    -Exactly  double  tbo  shorter. 

^P  >  (518.)  It  irill  natunllj  be  aslced  how  so  stupoodouB  aa  arcb,  if  oau- 
posed  of  solid  and  ponderous  materials,  c&n  be  sustained  without  collaps- 
ing and  falling  in  npon  the  planet?  The  anstrcr  to  this  is  to  be  found  in 
'k  swift  rotation  of  the  ring  in  ita  own  plane,  which  observation  haa  d«- 
teoted,  owing  to  some  portion  of  the  ring  being  a  little  less  bright  thai 
'Othere,  and  assigned  its  period  at  10"  32»  15",  which,  from  what  we  fcno» 
'of  its  dimensions,  and  of  the  fonje  of  gravity  in  the  SatumiaQ  system,  ii 
•yery  nearly  the  periodic  time  of  a  salellite  revolTing  at  the  same  dislaaw 
-as  the  middle  of  its  breadth.  It  is  the  centrifugal  force,  then,  arisinj 
*from  thla  rotation,  which  suatsins  it;  and,  although  no  obaervation  nia 
WoDgh  to  exhibit  a  difference  of  periods  between  the  outer  and  ina«i 
tings  have  hitherto  been  made,  it  is  more  than  probable  that  such  a  £fie- 
tenee  does  subsist  as  to  place  each  independently  of  the  other  in  a  umilit 
'Btato  of  eqailibrium. 

'  (519.)  Although  the  rings  are,  as  we  have  said,  very  nearly  eonceBhit 
irith  the  body  of  Saturn,  jet  micrometrioal  measnrenycDta  of  exlrenK 
'delicacy  have  demonstrated  that  the  coincident  is  not  mathematically  ei- 
'ket,  hat  that  the  centre  of  gravity  of  the  rings  oscillates  round  that  of  the 
"body  describing  a  very  minute  orbit,  probably  under  laws  of  much  cod- 
plcxity.  Trifling  as  this  remark  may  appear,  it  is  of  the  utmost  imporl- 
'ucG  to  the  stability  of  the  system  of  the  rings.  Suppodng  them  mathe- 
matically perfect  in  their  cireulur  forin,  and  exactly  concentric  with  tbe 
planet,  it  is  demonstrable  that  they  would  form  a  system  in  a  slate  of  u«- 
«(ali' ''jKi/i'firi'BOT,  whiuh  the  slightest  external  power  would  subvert  — 
Hot  by  cauaing  a  rupture  in  the  substance  of  the  rings — but  by  precipi- 
tating them,  Tinhroken,  on  the  surface  of  the  planet.  For  the  attraction 
of  such  a  ring  or  rings  on  a  point  or  sphere  exccntrically  within  them,  ii 
not  the  same  in  all  dircctiuns,  but  tends  to  draw  the  point  or  sphen 
towards  the  nearest  part  of  the  ring,  or  away  from  the  centre.  Heoce, 
supposing  the  body  to  become,  from  any  cause,  ever  so  little  esceitlric  to 
the  ring,  the  tendency  of  their  mutual  gravity  is  not  to  correct  but  W 
increase  this  ezcentricity,  and  to  bring  the  nearest  parts  of  them  together. 
Now,  external  powers,  capable  of  producing  such  excentricitj,  exist  in  Iha 
■ttractiong  of  the  salellilea,  as  will  be  shown  in  Chap.  XII. ;  and  in  ordtf 
that  the  system  may  be  ttahle,  and  possess  within  itacif  a  power  of  renit^ 
\ag  the  first  inroads  of  such  a  tendency,  while  yet  nascent  and  feeble,  aod 
Oppoung  them  by  an  oppoute  or  maintaining  power,  it  has  been  shown 
that  it  is  sufficient  to  admit  the  rings  to  be  haded  in  some  part  of  thur 
tjnmmf^tce,  dther  by  some  minut«  inequality  of  thickness,  or  by  aam 
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porUons  being  denser  than  others.  Suoh  a  load  would  ^ve  1o  the  whole 
rix^  to  which  it  was  attached  aomewhat  of  the  choraoter  of  a  heavy  and 
■laggiih  satellite  mamtaining  itself  in  an  <ffbit  with  a  certain  energy  soffi- 
oient  to  overcome  minute  causes  of  disturbance,  and  establish  an  average 
bearing  on  its  centre.  But  even  without  supposing  the  existence  of  any 
snch  load, — of  which,  after  all,  we  have  no  proof, — and  grantmg,  in  its 
fidl  extent,  the  general  instability  of  the  equililarium,  we  think  we  per- 
amYOi  in  the  rapid  periodicity  of  all  the  causes  of  disturbance,  a  sufficient 
jgaarantee  of  its  preservation.  However  homely  be  the  illustration,  we 
090  conceive  nothing  more  apt,  in  every  way,  to  ^ve  a  general  conception 
of  this  maintenance  of  equilibrium  under  a  constant  tendency  to  subver- 
IDQD,  than  the  mode  in  which  a  practised  hand  will  sustain  a  long  pole  in 
»  perpendicular  portion  resting  on  the  finger  by  a  continual  and  almost 
imperoeptible  variation  of  the  point  of  support.  Be  that,  however,  as  it 
hmj^  the  observed  oscillation  of  the  centres  of  the  rings  about  that  of  the 
jpluiet  is  in  itself  the  evidence  of  a  perpetual  contest  between  conserva- 
tive and  destructive  powers  —  both  extremely  feeble,  but  so  antagonising 
4)06  another  as  to  prevent  the  latter,  from  ever  acquiring  an  uncontrollable 
ffmjkdMQcsyf  and  rushing  to  a  catastrophe. 

(520.)  This  is  also  the  place  to  observe,  that  as  the  smallest  difierence 
of  velocity  between  the  body  and  the  rings  must  in&llibly  precipitate  the 
Ijltter  on  the  former,  never  more  to  separate,  (for  they  would,  once  in 
OOQtact,  have  attained  a  position  of  Uahle  equUihriumj  and  be  held  toge- 
]ilier  ever  after  by  an  immense  force ;)  it  follows,  either  that  their  motions 
}n  their  common  orbit  round  the  sun  must  have  been  adjusted  to  each 
o4her  by  an  external  power,  with  the  minutest  precitton,  or  that  the  rings 
niut  have  been  formed  about  the  planet  while  subject  to  their  common 
orbitual  motion,  and  under  the  full  and  free  influence  of  all  the  acting 
fivoes. 

(521.)  Several  Mtrpnomers  have  suspected,  and  even  consider  them- 
sdves  to  have  certainly  observed,  the  rings  of  Saturn  to  be  occasionally, 
at  least,  streaked  with  more  or  less  numerous  dark  lines  parallel  to  the 
decided  black  interval  which  separates  the  two  rings,  which  latter  being 
penaanent,  and  seen  equally  and  in  the  same  part  of  the  breadth  on  both 
lidea  of  the  ring,  cannot  be  doubted  to  be  a  real  separation.* 

(522.)  [The  exterior  ring  of  Saturn  is  described  by  many  observers  as 
rather  less  luminous  than  the  interior,  and  the  inner  portion  of  this  latter 

*  The  ptMage  of  Saturn  aerov  any  coosidertble  star  would  aflbrd  an  adnirable 
opportunity  of  testing  the  reality  of  such  fissures,  as  it  would  flash  in  succession 
tkroogh  them.  The  opportunity  of  watching  for  such  occultations  —  when  Saturn 
tfaverass  the  Milky- Way,  for  insianes    should  not  be  neglectod. 
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uu^crvations,  xMr.  Dawes,  at  his  observat' 
of  an  cx(|uisite  achromatic  by  Merz,  of  ( 
very  same  fact,  and  even  more  distinctly, 
darker  interval  between  the  old  and  new 
latter  into  two  of  unequal  degrees  of  obs 
obscure  than  either.] 

(523.)  Of  UraDus  we  see  nothing  but  i 

Dated  disc,  without  rings,  belts,  or  discern 

meter  la  about  4",  from  which  it  never  var 

V  D688  of  our  orbit  in  comparison  of  its  owi 

'i^  35,000  miles,  and  its  bulk  82  times  that  o\ 

':  \'  satellites — four  at  least,  probably  ^ve  or  six 

in  the  next  ch^^ter)  offer  remarkable  peculi 

(524.)  The  discovery  of  Neptune  is  so  n 

ecliptic  at  present  so  little  favourable  for  seei 

■•  that  nothing  very  positive  can  be  stated  as  tt 

two  observers  it  has  afforded  strong  suspicioi 

ring  very  highly  inclined.     And  from  the 

c  M.  Otto  Strove,  and  Mr.  Bond,  it  appears  to 

and  very  probably  by  two  satellites — thougl 

can  hardly  yet  be  considered  as  quite  demon 

(525.)  If  the  immense  distance  of  Ne] 

coming  at  much  knowledge  of  its  physical 

I-  ultra-zodiacal  planets  is  no  less  a  bar  into  a 

of  them,  Pallas,  has  been  said  to  have  some 
appcarantv^    Sn/iJ^wAJ — 
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man  placed  on  one  of  them  would  spring  with  ease  60  feet  high,  and 
sustain  no  greater  shock  in  his  descent  than  he  docs  on  the  earth  from 
leaping  a  yard.  On  such  planets  giants  might  exist;  and  those  enormous 
animals^  which  on  earth  require  the  buoyant  power  of  water  to  counteract 
their  weight,  might  there  be  denizens  of  the  land.  But  of  such  specula- 
tions there  is  no  end. 

(526.)  We  shall  close  this  chapter  With  an  illustration  calculated  to 
convey  to  the  minds  of  our  readers  a  general  impression  of  the  relative 
magnitudes  and  distances  of  the  parts  of  our  system.  Choose  any  well 
leTelled  field  or  bowling-green.  On  it  placo  a  globe,  two  feet  in  diameter; 
•  thb  will  represent  the  Sun;  Mercury  will  be  represented  by  a  grain  of 
•mustard  seed,  on  the  circumference  of  a  circle  164  feet  in  diameter  for  its 
-orbit;  Yenus  a  pea,  on  a  circle  284  feet  in  diameter;  the  Earth  also  a 
pea,  on  a  circle  of  430  feet ;  Mars  a  rather  large  pin's  head,  on  a  circle 
0t  654  feet;  Juno,  Ceres,  Vesta,  and  Pallas,  grains  of  sand,  in  orbits  of 
tnm  1000  to  1200  feet;  Jupiter  a  moderate-sized  orange,  in  a  circle  nearly 
lialf  a  mile  across,  Saturn  a  small  orange,  on  a  circle  of  four-fifths  of 'a 
mile ;  Uranus  a  full-sized  cherry,  or  small  plum,  upon  the  circumference 
of  a  circle  more  than  a  mile  and  a  half,  and  Neptune  a  good-sized  plum 
OQ  a  circle  about  two  miles  and  a  half  in  diameter.  As  to  getting  correct 
notions  on  this  subject  by  drawing  circles  on  paper,  or,  still  worse,  from 
those  very  childish  toys  called  orreries,  it  is  out  of  the  question.  To  imi- 
tate the  motions  of  the  planets,  in  the  above-mentioned  orbits,  Mercury 
must  describe  its  own  diameter  in  41  seconds;  Venus  in  4"  14*;  the 
Earth,  in  7  minutes;  Mars,  in  4"  48»;  Jupiter,  2*  56";  Saturn,  in  3* 
18-;  Uranus,  in  2*  16";  and  Neptune  in  3»  30". 
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V  the  BDDu&I  circuit  of  the  earth  about  the  bud,  it  is  consUnlilj 
'  its  BAtcllit«,  the  inooD,  whieh  revolvea  round  it,  or  nths 
commoQ  ceDtto  of  gravity;  while  this  centre,  Btriodj 
t  either  of  the  two  bodies  thus  conDeclcd,  i 
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rent  monthly  displacement  of  the  sun  in  longitude,  of  a  parallactio  kind, 
which  18  called  the  menstrual  equation ;  whose  greatest  amount  is,  bow- 
'eyer,  less  than  the  san's  horizontal  parallax,  or  than  8-6". 

(529.)  The  moon,  as  we  have  seen,  is  about  60  radii  of  the  earth  dis- 
tant from  the  centre  of  the  latter.  Its  proximity,  therefore,  to  its  centre 
bf  attraction,  thus  estimated,  is  much  greater  than  that  of  the  planets  to 
'the  sun;  of  which  Mercury,  the  nearest,  is  84,  and  Uranus  202G  solar 
radii  from  its  centre.  It  is  owing  to  this  proximity  that  the  moon 
remains  attached  to  the  earth  as  a  satellite.  Were  it  much  farther,  the 
feebleness  of  its  gravity  towi^rds  the  earth  would  be  inadequate  to  produce 
ttiat  alternate  acceleration  and  retardation  in  its  motion  about  the  sun, 
i^hich  divests  it  of  ihe  character  of  an  independent  planet,  and  keeps  its 
movements  subordinate  to  those  of  the  earth.  The  one  would  outrun,  or 
1e  left  behind  the  other,  in  their  revolutions  round  the  sun  (by  reason  of 
Kepler's  third  law,)  according  to  the  relative  dimensions  of  their  helio- 
centric orbits,  after  which  the  whole  influence  of  the  earth  would  be 
'confined  to  producing  some  considerable  periodical  disturbance  in  the 
moon's  moUon,  as  it  passed  or  was  passed  by  it  in  each  synodical  revolu- 
tion. 

(530.)  At  the  distance  at  which  the  moon  really  is  from  us,  its  gravity 
towards  the  earth  is  actually  less  than  towards  the  sun.  That  this  is  the 
cue,  appears  sufficiently  from  what  we  have  already  stated,  that  the 
moon's  real  path,  even  when  between  the  earth  and  sun,  is  concave 
iowards  the  latter.  But  it  will  appear  still  more  clearly  if,  from  the 
known  periodic  times '  in  which  the  earth  completes  its  annual  and  the 
moon  its  monthly  orbit,  and  from  the  dimepsions  of  those  orbits,  we 
calculate  the  amount  of  deflection,  in  either,  frt)m  their  tangents,  in  equal 
Very  minute  portions  of  Ume,  as  one  second.  These  are  the  versed  sines 
cf  the  arcs  described  in  that  time  in  the  two  orbits,  and  these  are  the 
measures  of  the  acting  forces  which  produce  those  deflections.  If  we 
execute  the  numerical  calculation  in  the  case  before  us,  we  shall  find 
2.233 :  1  for  the  proportion  in  which  the  intensity  of  the  force  which 
retains  the  earth  in  its  orbit  round  the  sun  actually  exceeds  that  by  which 
the  moon  is  retained  in  its  orbit  about  the  earth.  * 

■  R  and  r  radii  of  two  orbiti  (tappoaed  circular,)  P  and  p  the  periodic  times;  then 
tlie  arcs  in  queetion  (A  and  a)  are  to  each  other  as  -=•  to  — ;  and  since  the  versed  sines 
are  as  the  squares  of  the  arcs  directly  and  the  rsdii  inversely,  these  are  to  each  other 
m  -^  t03  ;  and  in  this  ratio  are  the  forces  acting  on  the  revolving  bodies  in  either 
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Sow  the  Hun  is  3!)9  times  more  remote  from  lhe,^rlli  tban  Ht 

ust  follow  Ihiit  at  rgual  distances,  the  iatcDBit;  of  solar  would 
of  terrestrial  gravity  in  tbe  above  proportion,  sagmetiled  m 
ratio  of  the  sqn.ire  of  400  to  1 ;  tbat  is,  id  the  proportion  rf 
1  ;  nod  therefore,  if  va  grant  that  the  intensity  of  the  grari- 
gj  is  commensurate  with  the  mass  or  inertia  of  the  attractiof 
re  compelled  to  admit  tbe  roara  of  the  earth  to  be  no  more 
00  of  that  of  the  sun. 

been  adduced  Jn  Chap.  Vin.  (art.  448.)     But  it  is  here  » 
in  order  lo  show  how  the  ninss  of  a  planet  wbich  is  atleaded 
more  eal^iliites  can  be  as  it  were  weighed  against  tbe  son,  pn* 

ly  tho  planet  about  the  sun,  and  by  tbe  aatellitce  abont  1^ 
d  also  the   periods  in    which  these  orbila    are   respectivdj 

It  ia  by  this  method  that  the  masses  of  Jupiter,  Satton, 
d  Neptune  have  been  ascertained.  (See  Synoptic  Table.) 

upiter,  as  already  stated,  is  attended  by  four  Batellilcs,  Satan 
Uranus,  ccrlaioly  by  four,  and  perhaps  by  six ;  and  NeptuM 
more.     These,  with  their  respective  jin'mnrtrs  (as  the  centnl 
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irith  atteDtion  to  all  its  details,  is  that  of  Jupiter;  partly  on  account  of 
the  conspicuous  brilliancy  of  its  four  attendants,  which  are  large  enough 
to  offer  yisible  and  measurable  discs  in  telescopes  of  great  power;  but 
more  for  the  sake  of  their  eclipses,  which,  as  they  happen  very  frequently, 
and  are  easily  observed,  afford  signals  of  considerable  use  for  the  determi- 
nation of '  terrestrial  longitudes  (art.  266).  This  method,  indeed,  until 
thrown  into  the  back  ground  by  the  greater  facility  and  exactness  now 
attainable  by  lunar  observations  (art.  267)  was  the  best,  or  rather  the 
only  one,  which  could  be  relied  on  for  great  distances  and  long  intervals. 

(535.)  The  satellites  of  Jupiter  revolve  from  west  to  east  (following  the 
analogy  of  the  planets  and  moon,)  in  planes  very  nearly,  although  not  ex- 
actly, coincident  with  that  of  the  equator  of  the  planet,  or  parallel  to  its 
belts.  This  latter  plane  is  inclined  3^  5'  30"  to  the  orbit  of  the  planet, 
and  is  therefore  but  little  different  from  the  plane  of  the  ecliptic.  Accord- 
ingly, we  SM  their  orbits  projected  very  nearly  into  straight  lines,  in  which 
they  appear  to  oscillate  to  and  fro,  sometimes  passing  before  Jupiter,  and 
casting  shadows  on  his  disc,  (which  are  very  visible  in  good  telescopes, 
like  small  round  ink  spots,  the  circular  form  of  which  is  very  evident,) 
and  sometimes  disappearing  behind  the  body,  or  being  eclipsed  in  its 
shadow  at  a  distance  from  it.  It  is  by  these  eclipses  that  we  are  furnished 
with  accurate  data  for  the  construction  of  tables  of  the  satellites'  motions, 
IS  well  as  with  signals  for  determining  differences  of  longitude. 

(536.)  The  eclipses  of  the  satellites,  in  their  general  conception,  are 
perfectly  analogous  to  those  of  the  moon,  but  in  their  detail  they  differ  in 
several  particulars.  Owing  to  the  much  greater  distance  of  Jupiter  from 
the  sun,  and  its  greater  magnitude,  the  cone  of  its  shadow  or  umbra 
(art  420)  is  greatly  more  elongated,  and  of  far  greater  dimension,  than 
tiiat  of  the  earth.  The  satellites  are,  moreover,  much  less  in  proportion 
to  their  primary,  their  orbits  less  inclined  to  iu  ecliptic,  and  (compara- 
tively to  the  diameter  of  the  planet)  of  smaller  dimensions,  than  is  the 
case  with  the  moon.  Owing  to  these  causes,  the  three  interior  satellites 
of  Jupiter  pass  through  the  shadow,  and  are  totally  eclipsed,  every  revo- 
lution )  and  the  fourth,  though,  from  the  greater  inclination  of  its  orbit,  it 
sometimes  escapes  eclipse,  and  maj/  occasionally  graze  as  it  were  the  border 
of  the  shadow,  and  suffer  partial  eclipse,  yet  does  so  comparatively  seldom, 
and,  ordinarily  speaking,  its  eclipses  happen,  like  those  of  the  rest,  each 
revolution. 

(537.)  These  eclipses,  moreover,  are  not  seen,  as  is  the  case  with  those 
of  the  moon,  from  the  centre  of  their  motion,  but  finom  a  remote  statioUi 
and  one  whose  situation  with  respect  to  the  line  of  shadow  is  variable. 
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mrae,  malcca  do  difiercam  in  the  limei  of  the  eclipses,  but  I 
(ine  in  thpir  visibility,  and  in  their  apparent  situations  wi4 
the  planet  at  the  moments  of  their  entenog  and  quitting  iki 

Suppose  S  to  be  the  sun,  E  the  earth  in  its  orbit  E  F  G  K.  J 
id  a  i  the  orbit  of  one  of  its  satellites.    The  cone  of  the  ebidov, 
have  its  vertex  at  X,  a  point  far  beyond  the  orbits  of  all  tb< 
and  the  penumbra,  owing  to  the  great  distance  of  the  sao,  and 
[lent  sraailne.w  of  the  angle  (about  6'  only)  its  disc  snbtcnds  it 
ill  hardly  pilend,  within   the  limits  of  the   satellites"   orbits,  l4 
tible  distance  beyond  the  shadow,  —  for  which  reason  it  is  nol 
1  in  the  figure.     A  satellite  revolving  from  west  to  east  (in  iha 
f  the  arrows)  will  be  eclipsed  when  it  enters  the  shadow  at  a, 
ddenly,  becnnae,  liie  the  moon,  it  has  a  considorable  dianeltc 
the  planet;  so  that  the  time  elapsing  from   the  first  pepcepbldl 
nt  to  its  total  estinction  will  be  that  which  it  occupies  in  d»- 
wut  Jupiter  an  angle  equal  to  its  apparent  diameter  as  seen  from 
of  the  planet,  or  rather  somewhat  morcj  by  reason  of  iba 

Fig.  li. 
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pftrdcalare  of  the  motions  of  the  aatellites,  and  for  affording  data  of  any 
akaterial  ose  for  the  colcalation  of  terrestrial  longitudes.  The  intervals 
of  the  eclipsesi  it  will  be  observed,  give  the  synodic  periods  of  the  satel- 
liteA'  revolations;  from  which  their  sidereal  periods  most  be  concladed  by 
the  meUiod  in  art  418. 

(^9.)  It  is  evident  from'  a  mere 'inspection  of  oar  figure,  that  the 
adipses  take  place  to  the  west  of  the  planet,  when  the  earth  is  situated 
to  the  west  of  the  line  S  J,  t.  e.  before  the  opposition  of  Jupiter;  and  to 
tlie  easti  when  in  the  other  half  of  its  orbit,  or  after  the  opposition. 
"WlieQ  the  earth  approaches  the  opposition,  the  visual  line  becomes  more 
and  morQ  nearly  coincident  with  the  direction  of  the  shadow,  and  the  ap- 
paient  place  where  the  eclipses  happen  will  be  continually  nearer  and 
nearer  to  the  body  of  the  planet.  When  the  earth  oomes  to  F,  a  point 
determined  by  drawing  6  F  to  touch  the  body  of  the  planet,  the  emernons 
wiU  cease  to  be  visible,  and  will  thenceforth,  up  to  the  time  of  the  oppo- 
ntion,  happen,  behind  the  disc  of  the  planet  Similarly,  from  the  oppo- 
sition till  Uie  time  when  the  earth  arrives  at  I,  a  p^nt  determined  by 
drawing  a  I  tangent  to  the  eastern  limb  of  Jupiter,  the  immersions  will 
be  concealed  from  oar  view.  When  the  earth  arrives  at  Q  (or  H)  the 
immersion  (or  emersion)  will  happen  at  the  very  edge  of  the  visible  disc, 
aad  when  between  Q  and  H  (a  very  small  spaoe)^  the  satellites  will  pas$ 
uneclipsed  behind  the  limb  of  the  planet. 

(540.)  Both  the  satellites  and  their  shadows  are  freqaently  observed  to 
transit  or  pass  across  the  disc  of  the  planet  When  a  satellite  comes  to 
m,  i^  shadow  will  be  thrown  on  Jupiter,  and  will  appear  to  move  across 
it  as  a  black  spot  till  the  satellite  comes  to  n.  But  the  satellite  itself  will 
not  appear  to  enter  on  the  disc  till  it  comes  ap  to  the  line  drawn  from  E 
to  the  eastern  edge  of  the  disc,  and  will  not  leave  it  till  it  attains  a  similar 
line  drawn  to  the  western  edge.  It  appears  then  that  the  shadow  will 
precede  the  satellite  in  its  progress  over  the  disc  before  the  opposition  of 
Japiter,  and  vice  vend.  In  these  transits  of  the  satellites,  which,  with 
very  powerful  telescopes,  may  be  observed  with  great  precision,  it  fre- 
quently happens  that  the  satellite  itself  is  discernible  on  the  disc  as  a 
bright  spot  if  projected  on  a  dark  belt ;  but  occasionally  also  as  a  dark 
spot  of  smaller  dimensions  than  the  shadow.  This  carious  fact  (observed 
by  Schroeter  and  Harding)  has  led  to  a  conclusion  that  certain  of  the 
satellites  have  occasionally  on  their  own  bodies,  or  in  their  atmospheresi 
obscure  spots  of  great  extent.  We  say  of  great  extent ;  for  the  satellites 
of  Japiter,  small  as  they  appear  to  us,  are  really  bodies  of  considerable 

»y  as  the  following  comparative  table  will  show : '— 

*  Strove,  Mem.  Art  Soc  m.  301. 
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h  it  follows,  that  the  first  eatellite  appears  to  &  Bpeetatot « 
lurge  19  our  moon  to  us;  the  second  and  third  tiearl}'  sqiul  K 
,  Hod  of  Bomenbat  more  than  half  the  apparcDt  diameter  of  the 
ho  fourth  abont  one  quarter  of  that  diameter.     So  seen,  tliej 
ntly,  of  course,  eclipse  one  another,  and  caoae  eclipses  of  th 

rid  their  niotiona  and  aspeels  with  respect  to  each  other  nml 
lelual  variety  and  singular  and  pleasing  interest  to  the  inhaH 
eir  primary. 
Besides  the  eclipsCB  and  the  transits  of  the  Eatcllit«3  acrosi  Hm 

f  the  planet.     ThuH,  when  the  earth  is  at  E,  the  imtneraoa  o 
to  will  be  seen  at  a,  and  its  emersion  at  b,  both  to  the  west  rf 
after  which  the  satellite,  still  coDiinuing  its  course  ia  the  & 

1 

■ 
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dngle  eclipsei  Uie  immenion  being  concealed  by  the  body,  if  the  planet 
be  past  its  opposition^  the  emersion  if  not  yet  arrived  at  it.  So  also  of 
the  occoltation.  The  commencement  of  the  occultation,  or  the  passage 
of  the  satellite  behind  the  disc,  takes  place  while  obscured  by  the  shadow, 
before  opposition,  and  its  re^mergence  after.  All  these  particulars  will 
be  easily  apparent  on  mere  inspection  of  the  figure  (art.  536).  It  is  only 
during  the  short  time  that  the  earth  is  in  the  arc  O  H  (t.  e.  between  the 
BOH  and  Jupiter,  that  the  cone  of  the  shadow  converging  (while  that  of 
the  visual  rays  diverges)  behind  the  planet,  permits  their  occultations  to 
be  completely  observed  both  at  ingress  and  egress,  unobscured,  the  eclipses 
being  then  invisible,  ry- 

.  (542.)  An  extremely  singular  relation  subsists  between  the  mean 
angular  velocities  or  mean  motions  (as  they  are  termed)  of  the  three  first 
ntellites  of  Jupiter.  If  the  mean  angular  velocity  of  the  first  satellite 
be  added  to  twice  that  of  the  third,  the  sum  will  equal  three  times  that 
of  the  second.  From  this  relation  it  follows,  that  if  firom  the  mean  lon- 
gitude of  the  first  added  to  twice  that  of  the  third,  be  subducted  three 
times  that  of  the  second,  the  remainder  will  always  be  the  same,  or  con- 
•tant,  and  observation  informs  us  that  this  constant  is  180^,  or  two  right 
angles;  so  that,  the  situations  of  any  two  of  them  being  given,  that 
of  the  third  may  be  found.  It  has  been  attempted  to  account  for  this 
remarkable  fiict,  on  the  theory  of  gravity  by  their  mutual  action;  and 
Laplace  has  demonstrated,  that  if  this  relation  were  at  any  one  epoch  ap- 
proximately true,  the  mutual  attractions  of  the  satellites  would,  in  process 
of  time,  lender  it  exactly  so.  One  curious  consequence  is,  that  these 
three  satellites  cannot  be  all  eclipsed  at  once ;  for,  in  consequence  of  the 
hat-mentioned  relatbn,  when  the  second  and  third  lie  in  the  same  direo^ 
tion  from  the  centre,  the  first  must  lie  on  the  opposite ;  and  therefore, 
when  at  such  a  conjuncture  the  first  is  eclipsed,  the  other  two  must  lie 
between  the  sun  and  planet,  throwing  its  shadow  on  the  disc,  and  vice 

(543.)  Although,  however,  for  the  above  mentioned  reason,  the  satel- 
lites cannot  be  all  eclipsed  at  once,  yet  it  may  happen,  and  occasionally 
does  so,  that  all  are  either  eclipsed,  occulted,  or  projected  on  the  body,  in 
which  case  they  are,  generally  speaking,  equally  invisible,  since  it  requires 
an  excellent  telescope  to  discern  a  satellite  on  the  body,  except  in  peculiar 
oircamstances.  InstftTiwf  *of  the  actual  observations  of  Jupiter  thus 
denuded  of  its  usual  attendance  and  offering  the  appearance  of  a  solitary 
disc,  though  rare,  have  been  more  than  once  recorded.  The  first  occasion 
in  which  this  was  noticed  was  by  Molyneux,  on  November  2d,  (old  style) 
19 
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similar  observation  is  recorded  by  Sir  W.  Herschel  »  lati 

illis,  on  April  15lh,  1826;  (in  which  ease  the  d^priradoa n* 
whole  bours;;  ond  Iwtly  by  Mr.  H.  Griesbwh,  on  SeptemW 

on  of  the  teleseope,  and  of  Galileo's  early  ftnd  bappy  idea  nf 

Is  new-found  powers  to  the  examinslion  of  the  heavena,  fttu 

most  memorable  epochs  in  the  history  of  sstTODomj.    lit 

omical  solution  of  the  great  problem  of  "ffie  Iftnffiludr" — prM- 

gbt  under  the  dommioD  of  strict  scientific  principles,  ittit 
y  from  tbeir  discovery.     The  final  and  concloaive  establith- 
e  CopemicBTi  system  of  astronomy  may  also  be  consideR^  b 
o  the  discovery  and  study  of  this  ei^uisite  miniatare  «««. 
he  laws  of  the  planetary  motions,  as  ascertained  by  Kepler^ 
ally  that  which  connects  ibeir  periods  aod  distanms,  «w 

historical  interest  on  this  point)  it  is  to  the  observation  if 
KS  that  we  owe  the  grand  discovery  of  the  abemlian  of  li^i, 
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latiog  on  the  probable  phynoal  cause,  he  was  Datarally  led  to  think  oT  a 
gradual  instead  of  an  instantaneous  propagation  of  light.  This  explained 
every  particular  of  the  observed  phenomenoD,  but  the  velocity  required 
(192000  miles  per  second)  was  so  great  as  to  startle  many,  and,  at  all 
events,  to  require  confirmation.  This  has  been  afforded  since,  and  of  the 
most  unequivocal  kind,  by  Bradley's  discovery  of  the  aberration  of  light 
(ert  329.)  The  velocity  of  light  deduced  from  this  last  pluenomenon 
diflfers  by  lees  than  one-eightieth  of  its  amount  from  that  calculated  from 
the  eclipsea>  and  even  this  difference  will  no  doubt  be  destroyed  by  nicer 
end  more  rigoroosly  reduced  observations. 

(546.)  The  orbits  of  Jupiter's  satellites  are  but  little  excentric,  those 
of  the  two  intenoTi  indeed,  have  no  perceptible  ezcentricity.  Their 
mutual  action  produces  in  them  perturbations  analogous  to  those  of  the 
jdaneCs  about  the  sun,  and  which  have  been  diligently  investigated  by 
Laplace  and  others.  By  assiduous  observation  it  has  been  ascertained 
that  they  are  sul^ject  to  marked  fluctuations  in  respect  of  brightness,  and 
that  these  floctuations  happen  periodically,  according  to  their  position 
with  respect  to  the  sun.  From  this  it  has  been  ooneluded,  apparently 
with  reason,  that  they  turn  on  their  axes,  like  our  moon,  in  periods  equal 
to  their  respective  sidereal  revolutions  about  their  primary. 

(547.)  The  aatellites  of  Saturn  have  been  much  less  studied  than  those 
of  Jupiter,  being  fiir  more  difficult  to  observe.  The  most  distant  has  its 
orbit  materially  inclined  (no  less  than  12^  14')'  to  the  plane  of  the  rifig, 
with  which  the  orbits  of  all  the  rest  nearly  coincide.  Nor  is  this  the  only 
circumstance  which  separates  it  by  a  marked  difference  of  character  from 
the  system  of  the  six  interior  ones,  and  reqiden  it  in  some  sort  an  anoma- 
lous member  of  the  Satumian  system .  Its  distance  from  the  planet's  centre 
exceeds  in  the  proportion  of  neariy  three  to  one  that  of  the  most  distant 
of  all  the  rest^  being  no  less  than  64  times  the  radios  of  the  globe  of 
Saturn,  a  diatuice  from  the  primary  to  which  our  own  moon  (at  60  radii) 
oflSers  the  only  parallel.  Its  variation  of  light  also  in  different  parts  of  its 
orbit  is  veiy  much  greater  than  the  case  of  any  other  secondary  planet. 
Dominic  Caasini  indeed  (its  first  discoverer,  A.  D.  1671)  fbund  it  to  disi^ 
pear  for  nearly  half  its  revolution,  when  to  the  east  of  Saturn,  and  though 
the  more  powerful  telescopes  now  in  use  enable  ns  to  follow  it  round  the 
whole  of  its  circuit,  its  diminution  of  light  is  so  great  in  the  eastern  half 
of  its  orbit  as  to  render  it  somewhat  difficult  to  perceive.  From  this  cir- 
cumstance (viz.  from  the  de&lcation  of  light  occurring  constantly  on  the 
same  side  of  Saturn  as  seen  from  the  earthy  the  visual  ray  from  which  is 
never  very  oblique  to  the  direction  in  which  the  sun's  light  falls  on  it)  it 

*  Lilande,  Astron.  Art.  3075. 
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il  with  niucli  certainty  that  this  satelliW  revolves  on  its  uii  ii 

ime  of  roUlioD  uhout  the  prinjary ;  as  we  know  to  be  iha  B^ 

lOon,  and  as  there  is  considerable  ground  for  believing  to  toM 

fnndaries. 

rhe  neict  satellite  in  order  proceeding  inwards  (the  Gret  in  aria 

ot  much  inferiar  to  Mars  in  eiizo.     It  is  the  (mly  one  of  tbe 
loae  theory  and  perturbations  have  been  at  all  inquired  intB* 
in  to  verify  Kepler's  law  of  the  periodic  times,  which  bofdi 
ilis  mi'laridis,  auA  under  the  reqniEile  reeervntion^,  in  lhig,tt 

TC  very  minute,  and  require  pretty  powerful  telescopes  to  M 
lie  the  two  interior  sateiiitcs  which  jost  skirt  the  edge  of  tbt 
only  be  Keen  with  telescopes  of  extraordinary  power  and  ptt- 
d  under  the  most  favourable  atmospheric  circumstances.    At 
of  their  discovery  they  were  seen  to  thread,  like  beads,  ibe 
initely  thin  fibre  of  light  to  which  the  ring  then  seen  edge- 
reduced,  and  for  a  short  time  to  advance  off  it  at  either  end, 
I  return,  and  hastening  to  their  habitual  ooucealment  behind 

Owing  to  the  obliquity  of  the  ring  and  of  the  orbits  of  the 
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traonts  of  these  bodies  or  their  shadows  across  the  disc  of  their  primary 
^the  interior  ones  excepted),  until  near  the  time  when  the  ring  is  seen 
edgewise,  and  when  they  do  take  place,  their  observation  is  attended  with 
too  much  difficulty  to  be  of  any  practical  use,  like  the  eclipses  of  Jupiter's 
satellites,  for  the  determination  of  longitudes,  for  which  reason  they 
liave  been  hitherto  little  attended  to  by  astronomers. 

(550.)  A  remarkable  relation  subsists  between  the  periodic  times  of  the 
two  interior  satellites  of  Saturn,  and  those  of  the  two  next  in  order  of 
distance;  viz.  that  the  period  of  the  third  (Tethys)  is  double  that  of  the 
JBnt  (Mimas),  and  that  of  the  fourth  (Dione)  double  that  of  the  second 
(Enceladus).  The  coincidence  is  exact  in  either  case  to  about  one-800th 
part  of  the  larger  period. 

(551.)  The  satellites  of  Uranus  require  very  powerful  and  perfect  tele- 
scopes for  their  observation.  Two  are,  however,  much  more  conspicuous 
than  the  rest,  and  their  periods  and  distances  from  the  planet  have  been 
ascertained  with  tolerable  certainty.  They  are  the  second  and  fourth  of 
those  set  down  in  the  synoptic  table.  Of  the  remaining  four,  whose  ex- 
istence, though  announced  with  considerable  confidence  by  their  original 
discoverer,  could  hardly  be  regarded  as  fully  demonstrated,  two  only  have  ^ 
been  hitherto  reobserved ;  viz.  the  first  of  our  table,  interior  to  the  two 
larger  ones,  by-  the  independent  observations  of  Mr.  Lassell,'  and  M. 
Otto  Struve,'  and  the  fourth,  intermediate  between  the  larger  ones,  by 
the  former  of  these  astronomers.  The  remaining  two,  if  future  observa- 
tion should  satisfactorily  establish  their  real  existence,  will  probably  be 
found  to  revolve  in  orbits  exterior  to  all  these. 

(552.)  The  orbits  of  these  satellites  offer  remarkable,  and,  indeed, 
quite  unexpected  and  unexampled  peculiarities.  Contrary  to  the  un- 
broken analogy  of  the  whole  planetary  system  —  whether  of  primaries  or 
secondaries — the  planes  of  their  orbits  art  nearly  perpendicular  to  the 
ediptic,  being  inclined  no  less  than  78^  58'  to  that  phine,  and  in  these 
orbits  their  motions  are  retrograde  ;  that  is  to  say,  their  positions,  when 
projected  on  the  ecliptic,  instead  of  advancing /mm  west  to  east  round  the 
centre  of  their  primary,  as  is  the  case  with  every  other  planet  and  satel- 
lite, move  in  the  opposite  direction.  Their  orbits  are  nearly  or  quite 
circular,  and  they  do  not  appear  to  have  any  sensible,  or,  at  least,  any 
rapid  motion  of  nodes,  or  to  have  undergone  any  material  change  of  incli- 
nation, in  the  course,  at  least,  of  half  a  revolution  of  their  primary  round 
the  sun.  When  the  earth  is  in  the  plane  of  their  orbits,  or  nearly  so, 
their  apparent  paths  are  straight  lines  or  very  elongated  ellipses,  in  which 

>  September  14th  to  November  9th,  1847. 
*  October  8th  to  December  lOth,  1847. 
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lecomc  invisible,  ibeir  feeble  light  being  eSatted  hj  the  rapenor 
c  planet,  lung  bcfon;  they  come  up  to  its  dige,  ao  that  the  oV 
f  any  eclipses  or  occulutions  they  may  undergo  is  qoile  out 
stion,  nilb  our  presenl  telescopes. 

If  the  observation  of  the  sfttelliwa  of  Urmnna  be  difficult,  ibMe 
c,  owing  to  the  tuimense  distunoc  of  that  plaoet,  nay  be  readil; 
«  offer  atill  greater  difficnltioa.     Of  the  existenoc  of  one,  dif- 
Jlr.  J^ssell,'  then)  can  remnin  no  doubt,  it  having  alao  been 
J  other  astronomers,  both  in  Kurope  and  America.     Accad- 
Otto  Struva'  ile  orbit  is  inclined  to  the  ecliptic  at  the  consideii. 
f  35";  but  whether,  m  in  the  eaae  of  the  satellitee  of  Uwbw, 
on  of  its  modoD  be  retrograde,  it  ia  not  possible  to  say,  wOU  't 
been  longer  observed. 

Rlh.  1847, 
Naehr.  No.  63%  ki,m  his  own  obiervBiioiis,  Seplembei  llih  lo  Dmm- 

47.    ., 

OV  COMETS.  296 


CHAPTER  XL 

OP    COMETS. 

CBtXAT  NUMBER  OF  BECORPED  COMETS.  —  THE  NUMBER  OF  THOSE 
UNRECORDED  PROBABLY  MUCH  GREATER.  —  GENERAL  DESCRIPTION 
OF  A  COMET.  —  COMETS  WITHOUT  TAILS,  OR  WITH  MORE  THAN 
ONE.  —  THEIR  EXTREME  TENUITY.  —  THEIR  PROBABLE  STRUCTURE. 

—  MOTIONS  CONFORMABLE  TO  THE  LAW  OF  GRAVITY.  —  ACTUAL 
DIMENSIONS  OF  COMETS.  —  PERIODICAL  RETURN  OF  SEVERAL.  — 
HALLEY'S  COMET. — OTHER  ANCIENT  COMETS  PROBABLY  PERIODIC. 

—  encke's  comet.  —  biela's.  —  faye's. — lexell's. — DE  Vice's. 

— BRORSEN's. — ^PETERS'S. — GREAT  COMET  OF  1843. — ITS  PROBABLE 
IDENTITY  WITH  SEVERAL  OLDER  COMETS.  —  GREAT  INTEREST  AT 
PRESENT  ATTACHED  TO  COMETARY  ASTRONOMY,  AND  ITS  REASONS. 

—  REMARKS  ON  COMETARY  ORBITS  IN   GENERAL. 

(554.)  The  extraordinary  aspect  of  comets,  their  rapid  and  seemingly 
irregular  motioDS,  the  unexpected  manner  in  which  they  often  burst  upon 
us,  and  the  imposing  magnitudes  which  they  occasionally  assume,  have  in 
all  ages  rendered  them  objects  of  astonishment,  not  unmixed  with  super- 
•titious  dread  to  the  uninstruoted,  and  an  enigma  to  those  most  conyersant 
with  the  wonders,  of  creation  and  the  operations  of  natural  causes.  Even 
sow,  that  we  have  ceased  to  regard  their  movements  as  irregular,  or  as 
governed  by  other  laws  than  those  which  retain  the  planets  in  their  orbits, 
their  intimate  nature,  and  the  offices  they  perform  in  the  economy  of  our 
system,  are  as  much  unknown  as  ever.  No  distinct  and  satisfactory 
account  has  yet  been  rendered  of  those  immensely  voluminoiis  append- 
ages which  they  bear  about  with  them,  and  which  are  known  by  the  name 
of  their  tails,  (though  improperly,  since  they  often  precede  them  in  their 
motions,)  any  more  than  o(  several  other  singularities  which  they 
present 

(555.)  The  number  of  comets  which  have  been  astronomically  observed, 
or  of  which  notices  have  bsten  recorded  in  history^  is  very  great,  amount- 


OUTLINES   OP  A3TR0N0MT. 

rot  hundreds;'  and  when  we  consider  that  in  tli«  earlier igii 
nj,  nnd  indeed  in  more  recent  times,  before  the  invcntioo  H 
ic,  onl^  largo  and  conspicuous  ones  were  noticed ;  nnd  tluL 
ttention  has  been  paid  to  the  suhject,  scarcely  a  year  baa  pimi 

on  three  have  appeared  at  once ;  it  will  be  easily  supposed  dtf 
1  number  must  be  at  least   many  thooatnda.      Mattitado, 
gt  escape  all  observation,  by  reason  of  their  paths  trawmg 
art  of  the  heavens  which  ia  above  the  horizon  in  the  dajlW 
eircunistanced  can  only  become  visible  by  the  rare  coincideK* 
clipso  of  the  hub, — a  coincidence  which  happened,  as  related 
siaty-two  years  before  Christ,  when  a  large  comet  was  »ctu»llj 
cry  near  the  sun.    Several,  however,  stand  on  record  as  horinj 
t  enough  to  be  seen  with  the  naked  eye  in  the  daytime,  «i« 
J  in  bright  Bunsbine.     Such  were  the  comets  of  1402,  1585; 
and  that  of  43  B.  c.  which  appeared  during  the  gam^  eeb- 
Augustus  in  honour  of  Venus  shortlj  after  the  death  of  Citm, 
the  flattery  of  pocis  declared  to  bo  the  soul  of  that  hero  tija^ 
Bong  the  divinities. 

'bat  feelings  of  awe  and  astonishment  sboald  be  excited  bytti 
unexpected  appearance  of  a  great  comet,  is  no  way  surprisiigi 
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Uie  tail  This  magDifioent  appendage  attains  occasionallj  an  immense 
apparent  length.  Aristotle  relates  of  the  tail  of  the  comet  of  371  B.  c, 
tint  it  occapied  a  third  of  the  hemisphere,  or  60^ ;  that  of  a.  d.  1618  is 
Hiited  to  have  been  attended  by  a  train  no  less  than  104®  in  length.  The 
tmet  of  1680;  the  most  celebrated  of  modem  times,  and  on  many  ac* 
mnts  the  most  remarkable  of  all,  with  a  head  not  exceeding  in  bright- 
Ma  a  star  of  the  second  magnitude,  covered  with  its  tail  an  extent  of 
■on  than  70®  of  the  heayens,  or,  as  some  accounts  state,  90®;  that  of 
die  eomet  of  1769  extended  97®,  and  that  of  the  last  great  comet  (1848) 
m  estimated  at  abont  65®  when  longest.  The  figure  (fg,  2,  Plate  II.) 
liaTepreeentation  of  the  comet  of  1819  —  bj  no  means  one  of  the  most 
flonsiderablei  bat  which  was,  however,  very  oonspicuoos  to  the  naked  eye. 

(557.)  The  tail  is,  however,  by  no  means  an  invariable  appendage  of 
eoBets.  Many  of  the  brightest  have  been  observed  to  have  short  and 
fnUe  tails,  and  a  few  great  comets  have  been  entirely  without  them. 
Aoie  of  1585  and  1763  offered  no  vestige  of  a  tail ;  and  Cassini  describes 
tke  eomets  of  1665  and  1682  as  being  as  round'  and  os  well  defined  as 
Jopiter.  On  the  other  hand,- instances  ai^  not  wanting  of  comets  fur- 
mthed  with  many  tails  or  streams  of  diverging  light.  That  of  1744  had 
BO  less  tiian  six,  spread  out  like  an  immense  fan,  extending  to  a  distance 
of  nearly  30®  in  length.  The  small  comet  of  1828  had  two,  making  an 
angle  of  about  160®,  the  brighter  turned  as  usual  from  the  sun,  the  fainter 
towards  it,  or  nearly  so.  The  tails  of  comets,  too,  are  often  somewhat 
eonred,  bending,  in  general,  towards  the  region  which  the  comet  has  left, 
as  if  moving  somewhat  more  slowly,  or  as  if  resisted  in  their  course. 

(558.)  The  smaller  comets*,  such  as  are  visible  only  in  telescopes,  or 
vith  c^fficulty  by  the  naked  eye,  and  which  are  by  far  the  most  numerous, 
oiler  very  frequently  no  appearance  of  a  tail,  and  appear  only  as  round 
or  lomewhat  oval  vaporous  masses,  more  dense  towards  the  centre,  where, 
iMmever,  they  ^pear  to  have  no  distinct  nucleus,  or  anything  which  seems 
entitled  to  be  oonsidered  as  a  solid  body.  Stars  of  the  smallest  magni- 
tudes remain  distinctly  visible,  though  covered  by  what  appears  to  be  the 
densest  portion  of  their  substance ;  although  the  same  stars  would  be 
completely  obliterated  by  a  moderate  fog,  extending  only  a  few  yards  from 
tbe  sor&oe  of  the  earth.   And. since  it  is  an  observed  fact;  that  even  those 

*  Thif  description  however  Applies  to  the  "  disc"  of  the  head  of  these  comets  as  seen 
in  •  telescope.  Caseini's  expressions  are,  **  aussi  rond,  aussi  net,  et  aussi  clair  que 
Jipiter,"  (where  it  is  to  be  observed  that  the  latter  epithet  must  by  no  means  be  trans- 
lu6dAn^ibl).  To  understand  this  passage  fully,  the  reader  must  refer  to  the  descrip- 
^ given  lorther  on,  of  the  "disc"  of  Halley's  comet,  after  its  perihelion  passage 
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10  phaf*,  though  we  cannot  doubt  that  they  ahine  b;  (be  n- 

thin  Tapour,  Husceplible  of  being  peoetnted  through  Uw 
stance  by  the  sunbeams,  and  reflecting  them  alite   from  tbiil 
rta  and  from  their  sorfacos.     Nor  will  any  one  reganl  tbn  «■ 
hi  Torccd,  or  ftel  disposed  to  resort  to  a  phosphoresoeni  i|iiaHtf 
met  itself,  to  aecouut  for  the  phenomena  in  question,  wbes  n 

illuminated,  and  the  eitreinely  small  moan  which  then  ii 
attribute  to  these  bodies.    It  will  then  be  erident  that  the  oat 
ial  clouds  which  float  in  the  highest  regions  of  our  at4nospb«ic 
at  sunset  to  be  iJrenehed  in  light,  and  to  glow  Ihroughont  llioc 
th  as  if  in  actual  iguilion,  without  any  shadow  or  dark  h|I^ 
okcd  upon  as  dense  and  massive  bodies  compared  with  tbefilaf 
t  spiritual  texture  of  a  comet.    Accordingly,  whenever  ptnrerfd 
have  been  turned  on  these  bodies,  they  have  not  ^Icd  to  diipd 
n  which  attributes  t/iliilU^  to  that  more  condensed  part  of  tkt 
h  appears  to  the  naked  eye  as  a  nucleus;  though  it  ia  true  tlui 
very  minute  stellar  point  hu  been  seen,  indicating  the  exisuant 
body.                                                                                               1 
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ft  nndkey  fqg,  or'bloody  suspended  in  a  tnmsparent  atmosphere^  is  eyident 

fann  a  hak  which  haa  been  often  notioed,  tIs. — that  the  portion  of  the  tail 

vhere  it  comes  up,  and  surrounds  the  head,  is  yet  separate  from  it  by  an 

iatflrval  kn  Inminonsi  as  if  'sustained  and  kept  off  ^m  contact  by  a 

teispare&t  stratum^  as  we  often  see  one  kyer  of  clouds  over  another  with 

I  Qoosiderable  clear  space  between.   These  and  most  of  the  other  fiicts  ob* 

Mned  in  the  history  of  comets,  appear  to  indicate  that  the  structure  of  a 

mbbI^  as  aeen  in  section  in  the  direction  of  its  length,  must  be  that  of  a 

Ubw  envelope,  of  a  parabolic  form,  enclosing  near  its  vertex  the  nucleus 

lai  head,  something  as  represented  in  the  annexed  figure.     This  would 

ateoimt  for  the  apparent  division  of  the  tail  into  two  principal  lateral 

Fig.  76. 


hiQcbeSi  the  envelope  being  oblique  to  the  line  of  sight  at  its  borders, 
lod  therefore  a  greater  depth  of  illuminated  matter  being  there  exposed 
to  the  eye.  In  all  probability,  however,  they  admit  great  varieties  of 
stmctnre,  and  among  them  may  very  possibly  be  bodies  of  widely  diffe* 
neat  physical  constitution,  and  there  is  no  doubt  that  one  and  the  same 
comet  at  different  epochs  undergoes  great  changes,  both  in  the  dispotution 
of  its  materials  and  in  their  physical  state. 

(561.)  We  come  now  to  speak  of  the  motions  of  comets.  These  are 
ipparently  most  irregular  and  capricious.  Sometimes  they  remain  in 
Bght  only  for  a  few  days,  at  others  for  many  months ;  some  move  with 
extreme  slownesS|  others  with  extraordinary  velocity;  while  not  unfre- 
qoently,  the  two  extremes  of  apparent  speed  are  exhibited  by  the  same 
oomet  in  different  parts  of  its  course.  The  comet  of  1472  described  an 
arc  of  the  heavens  of  40^  of  a  great  circle*  in  a  single  day,  -Some 
porsne  a  direct,  some  a  retrograde,  and  others  a  tortuous  and  very  irregu- 
lar course ;  nor  do  they  confine  themselves,  like  the  planets,  within  any 
certain  region  of  the  heavens,  but  traverse  indifferently  every  part.  Their 
Taiiations  in  apparent  size,  during  the  time  they  continue  visible,  are  no 
leas  remarkable  than  those  of  their  velocity ;  sometimes  they  make  their 
fint  appearance  as  faint  and  slow  moving  objects,  with  little  or  no  tail ; 

'  ISO^  in  extent  in  the  former  editions.    But  this  was  the  arc  described  m  longUudt. 
tad  th<e  ccniet  at  the  time  referred  to  bad  great  north  latitude. 
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rccs  accelerate,  enlarge,  and  throw  out  from  them  tliia  ijfM 

tliej  opproach  tbo  sun,  and  are  lost  in  his  beamg.     Aftw* 
gain  eraei^,  on  the  other  siiie,  receding  from  tlie  sua  wift  t 
first  rapid,  but  gradually  decaying.     It  is  for  the  most  pal 
lasaiug  the  ?ud,  that  they  tihine  forth  in  all  their  epletuloiir, 
eir  tails  acquiro  tbcir  greatest  lenglh  and  developemenl ;  tla 
alaiuly  the  action  of  tho  sun's  rays  as  the  exciting  couse  of  thK 
ry  craauatiun.     As  they  coutinue  to  recede  from  the  son,  tbcir 
iQishes  and  tbo  tail  dies  away,  or  is  absorbed  into  the  hoi, 

by  far  the  greater  number  of  eases  never  to  bo  seen  iDe«. 
Vithuut  the  clue  furnished  by  the  theory  of  gravilation,  4t 

these  seemingly  irregular  and  capricious  moTcments  ntgbl 
ned  for  ever  unresolved.     But  Newton,  having  demonsliMJ 
ity  of  any  conio  seetion  whatever  being  described  abont  tbi 
>ody  revolving  under  the  dominion  of  that  law,  immedioietj 
le  applicability  of  the  general  proposition  to  tho  case  of  eoott- 

and  the  great  comet  of  1680,  one  of  the  most  remarkable  at 

approach  to  the  sun  (^within  onc-sisth  of  the  diameter  of  till 
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In  generaly  three  oomplete  observations  of  its  right  ascension  and  declina- 
tkm,  with  the  times  at  which  they  were  made,  suffice  for  the  solution  of 
this  problem^  (which  is,  however,  by  no  means  an  easy  one,)  and  for  the 
^eterminatioii  of  the  elements  of  the  orbit.  These  consist,  mutatis  mw- 
fmiUj  of  the  same  data  as  are  required  for  the  computation  of  the  mo- 
tioQ  of  a  planet;  (that  is  to  say,  the  longitude  of  the  perihelion,  that  of 
the  ascending  node,  the  inclination  to  the  ecliptic,  the  semiazis,  excen- 
trieity,  and  time  of  perihelion  passage,  as  also  whether  the  motion  is 
&eet  or  retrograde;)  and,  once  determined,  it  becomes  very  easy  to  com- 

I  pne  them  with  the  whole  observed  course  of  the  comet,  by  a  process 
enetly  similar  to  thatT  of  art.  502,  and  thus  at  once  to  ascertain  their 
oorrectneBS,  and  to  put  to  the  severest  trial  the  truth  of  those  general 
hwB  on  which  all  such  calculations  are  founded. 

(564.)  For  the  mofX  part^  it  is  found  that  the  motions  of  comets  may 
be  fofficiently  well  represented  by  parabolic  orbits, — that  is  to  say, 
eOipBes  whose  axes  are  of  infinite  length,  or,  at  least,  so  very  long  that 
BO  appreciable  error  in  the  calculation  of  their  motions,  during  all  the 
tine  they  continue  visible,  would  be  incurred  by  supposing  them  actually 

L  iifinite.  The  parabola  is  that  conic  section  which  is  the  limit  between 
the  ellipee  on  the  one  hand,  which  returns  into  itself,  and  the  hyperbola 

i  oa  the  other,  which  runs  out  to  infinity.  A  comet,  therefore,  which 
ilioold  describe  an  elliptic  path,  however  long  its  axis,  must  have  visited 
the  son  before,  and  must  again  return  (unless  disturbed)  in  some  deter- 
Diiiate  period, — but  should  its  orbit  be  of  the  hyperbolic  character,  when 
onee  it  had  passed  its  perihelion,  it  could  never  more  return  within  the 
^heie  of  oor  observation,  but  must  run  off  to  visit  other  systems,  or  be 
kit  in  the  immensity  of  space.  A  very  few  comets  have  been  ascertained 
to  move  in  hyperbolas',  but  many  more  in  ellipses.  These  latter,  in  so 
fiar  as  their  orbits  can  remain  unaltered  by  the  attractions*  of  the  planets, 
Bust  be  regarded  m  permanent  members  of  our  system. 

(565.)  We  must  now  say  a  few  words  on  the  actual  dimensions  of 
eooets.  The  calculation  of  the  diameters  of  their  heads,  and  the  lengths 
and  breadths  of  their  tails,  offers  not  the  slightest  difficulty  when  once 
the  elements  of  their  orbits  are  known,  for  by  these  we  know  their  real 
distances  from  the  earth  at  any  time,  and  the  true  direction  of  the  tail, 
which  we  see  only  foreshortened.  Now  calculations  instituted  on  these 
principles  lead  to  the  surprising  fact,  that  the  comets  are  by  far  the  most 
volnminons  bodies  in  our  system.  The  following  are  the  dimensions  of 
of  those  which  have  been  made  the  subjects  of  such  inquiry. 


*  For  example,  that  of  1723,  calculated  by  Burckhardt ;  that  of  1771,  by  both  Barck 
luffdt  and  Encke ;  and  the  aecond  comet  of  1818,  by  Roeenberg  and  Schwabt. 
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(age,  was  found  bj  Newton  to  have  no  less  than  SOOOOOOOrf 
longtb,  and  to  bnve  occupied  only  two  daja  in  its  eamEi 
met'g  body  !  a  deciave  proof  this  of  iU  being  darted  fortk  bf 
force,  tbo  origin  of  which,  to  judge  from  tbe  direetioo  et  d> 

bo  sought  in  the  sun  itself.  lu  greatest  length  amotmtedto 
leagues,  a  length  inucb  exceeding  tbe  whole  ioierva]  bet««at 

ad  earth.     The  toil  of  the  comet  of  1769  extended  IQgWJMO 

d  that  of  the  great  comet  of  1811,  36p0qO00.     The  portiw 

cb  Ecpareted  it  from  the  t^l,  was  180000  leagues  in  diamcM- 

uld  ever  be  collected  again  b;  the  feeble  attraction  of  nui  t 
comet — a  consideralJoQ  which  accimtLts  for  the  snnniKdjn- 
minution  of  tbe  toils  of  sueh  us  hare  been  frc<]ucntljr  otwerri^    : 
Phe  most  remarkable  of  those  comets  which  have  been  aaat- 
ovo  in  elliptic  orlitg  is  that  of  Halley,  so  called  from  the  «)»' 

168-2,  when  it  appeared  in  great  splendour,  with  «  Ui]  SO'  ii    1 

<ae  elements  be  hud  also  aseerlained.     Tbe  inlemls  of  tba 

hallkt's  combz.  ,  808, 

pTOviag  state  of  oar  knowledge  of  the  methods  of  eetamating  the  dis- 
tnrbrag  effect  of  the  several  planets.  The  last  of  these  predicdons,  that 
of  M.  Lehmann,  was  published  on  the  25th  of  July.  On  the  5th  of 
August  the  eomet  fint  became  visible  in  the  dear  atmosphere  of  Rome 
M  an  exceedingly  feint  tekecopic  nebula,  within  a  degree  of  *its  place  as 
pndieted  by  M.  Bosenberger  for  that  day.  On  or  about  the  20th  of 
August  it  became  generally  visible,  and,  pursuing  very  nearly  its  calcu- 
lated path  among  the  stars,  passed  its  perihelion  on  the  16th  of  November; 
after  which,  its  course  eanring  it  south,  it  ceased  to  be  visible  in  Europe, 
though  it  continued  to  be  conspicuously  so  in  the  southern  hemisphere 
tbroughoot  Februaryi  ftlarch,  and  Apdl,  1836,  disappearing  finally  on  the 
6th  of  May. 

(568.)  Aldiough  the  appearance  of  this  celebrated  comet  at  its  last 
apparition  was  not  such  as  might  be  reascmably  considered  likely  to  excite 
lively  sensations  of  terror,  even  in  superstitious  ages,  yet,  having  been  an 
object  of  the  most  diligent  attention  in  all  parts  of  the  world  to  astrono- 
mers, furnished  with  telescopes  very  fiur  surpassing  in  power  those  vrhich 
kad  been  applied  to  it  at  its  former  appearance  in  1759,  and  indeed  to  any 
of  the  greater  comets  on  record,  tbe  opp<H:tunity  thus  afforded  of  studying 
its  physical  structure,  and  the  extraordinary  phsenooiena  which  it  pre- 
sented when  80  examined,  have  rendered  this  a  memorable  epoch  in  eometie 
history.  Its  first  appearance,  while  yet  very  remote  from  the  sun,  was 
that 'of  a  small  loond  orisomewhat  oval  nebula,  quite. destitute  of  tail,  and 
having  a  minute  pmnt  of  more  conoentiated  light  excentrically  situated 
withm  it.  It  was  not  before  the  2d  of  October  that  the  tail  began  to  be 
developed,  and  thenoelorwird  increased  pretty  rapidly,  being  already  4® 
or  5^  long  on  the  dth.  It  attained  its  greatest  af^Mrent  lei^gth  (about 
20^)  on  the  15tk  of  October.  From  that  time^  though  not  yet  arrived 
at  its  periiidion,  it  decreased  with  such  rapidity,  that  already  on  the  29th 
it  was  only  S^,  and  on  November  the  5th  2}^  in  length.  There  is  every 
reason  to  believe  that  before  the  perihelion,  the  tail  had  altogether  dis- 
appeared, as,  though  it  continued  to  be  observed  at  Pulkowa  up  to  the 
▼ery  day  of  its  perihelion  passage,  no  mention  whatever  is  made  of  any 
tail  bong  then  aeea. 

(569.)  By  &r  the  most  striking  phsenomena,  however,  observed  in  this 
part  of  its  career,  were  those  whieh,  commencing  simultaneously  with  the 
growth  of  the  tail,  connected  themselves  evidently  irith  the  production  of 
that  appendage  and  its  projection  from  the  head.  On  the  2d  of  October 
(the  very  day  of  the  first  observed  eommeneemtnt  of  the  tail)  the  nucleus, 
irhich  Iwd  been  laint  and  small,  was  observed  suddenly  to  have  become 
much  brighter,  and  to  be  in  the  act  of  throwing  out  a  jet  or  stnam  ef 


OUTLINES   OF   ASTRONOMY. 

its  anterior  put,  or  that  turned  towards  the  sun.     This  ejection 
Dg  anbilc  waa  resumed,  and  willi  much  greater  apparent  no- 
he  8th,  and  continued,  with  occasional  intermit tanoes,  «o  bug 
itaelf  continued  Tisible.     Both  the  form  of  this  luminons  <^ 
th'o  direction  in  which  it  issued  from  the  nucleus,  meanwhile 
HJngular  and  capricioaa  alterations,  the  different  phases  a^ 
%eb  other  with  sQch  rapidity  iLat  on  no  two  succes^To  nighb 
ppcarances  alike.     At  one  time  the  emitted  jet  was  fiingle,  mi 
ithin  narrow  limila  of  divergence  from  the  nucleaa.     At  o&at 
cd  a  fon-sbopod  or  Bwallow-lailed  form,  analogous  to  ti«rf» 
s.suing  from  a  flattened  orifice :  while  at  others  again  two,  tttte, 
ore  jcla  were  darted  forth  in  difl'erent  directions.'     (See  figure 
plate  I.,  fig.  4,  which  rcpreseut,  highly  magnified,  the  »pii«f- 
enuclcnswithitejeUof  light,  on  the  Stb,  9tb,  lOtb,  onJI^ 
,  and  in  which  the  direction  of  the  anterior  portion  of  the  h«»4 
nting  the  sun,  is  supposed  alike  in  all,  viz.  towards  the  up[«i 

f  the  figures  cot  pennitting  ite  introduction ;  e  represents  lk« 

la!  jet  was  obaerred  meanwhile  to  oscillate  to  and  fro  on  eithff 
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a  oomet  is  powerfully  excited  and  dilated  into  a  vaporous  state  by  tbe 
action  of  the  sun's  raysy  esctpiog  iu  streams  and  jets  at  those  points  of  its 
■orface  which  oppose  the  least  resistaDoe,  and  in  all  probability  throwing 
that  sur&ce  or  the  nucleus  itself  into  irregular  motions  by  its  reaction  in 
the  act  of  so  escaping,,  and  thus  altering  its  direction. . 

2dly.  That  this  process  chiefly  takes  place  in  that  portion  of  the 
mioleus  which  is  timied  towards  the  sua;  the  vapour  cscapuig  chiefly  in 
that  direction. 

8dly.  That  when  so  emitted,  it  is  prevented  from  proceeding  in  the 
direction  originally  impressed  upon  it,  by  some  force  directed  from  the 
foo,  drifting  it  back  and  carrying  it  out  to  vast  distances  behind  the 
nucleus,  forming  the  tail  or  so  much  of  the  tail  as  can  be  considerod  lis 
eonsisting  of  material  substance. 

4thly.  That  this  force,  whatever  its  nature,  acts  unequally  on  the  ma- 
terials of  the  comet,  the  greater  portion  remaining  nnvaporized,  and  a 
considerable  part  of  the  vapour  actually  produced,  remaining  in  its  neigh- 
bourhood, forming  the  head  and  coma. 

5thly.  That  the  force  thus  acting  on  the  materials  of  the  tail  cannot 
ponubly  be  identical  with  the  ordinary  gravitation  of  matter,  being  centri- 
fugal or  repulsive,  as  respects  the  sun,  and  of  an  energy  very  far  exceeding 
the  gravitating  force  towards  that  luminary.  This  will  be  evident  if  we 
consider  the  enormous  velocity  with  which  the  matter  of  the  tail  is  carried 
backwards,  in  opposition  both  to  the  motion  which  it  had  as  part  of  the 
nucleus,  and  to  that  which  it  acquired  in  the  act  of  its  emission,  both 
which  motions  have  to  be  destroyed  in  the  first  instance,  before  any  move- 
ment in  the  contrary  direction  can  be  impressed. 

6thly.  That  unless  the  matter  of  the  tail  thus  repelled  from  the  sun  be 
retained  by  a  peculiar  and  highly  energetic  attraction  to  the  nucleus,  dif* 
fering  from  and  exceptional  to  the  ordinary  power  of  gravitation,  it  must 
leave  the  nucleus  altogether;  being  in  effect  carried  hr  beyond  the  coer- 
cive power  of  so  feeble  a  gravitating  force  as  would  correspond  to  the 
minute  mass  of  the  nucleus ;  and  it  is  therefore  very  conceivable  that  a 
comet  may  lose,  at  every  approach  to  tiie  sun,  a  portion  of  that  peculiar 
matter,  whatever  it  be,  on  which  the  production  of  its  tail  depends,  the 
remiunder  being  of  course  less  excitable  by  the  solar  action,  and  more 
impassive  to  his  rays,  and  therefore,  pro  tanio,  more  nearly  apfotaimating 
to  the  nature  of  the  planetary  bodies. 

(571.)  After  the  perihelion  passage,  the  comet  was  lost  sight  of  for 
upwards  of  two  months,  and  at  its  reappearance  (on  the  24th  of  January 
1886)  presented  itself  under  quite  a  different  aspect^  having  in  the  in- 
terval evidently  undergone  some  great  physical  change  which-  had  operated 
20 
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k  ia  (l«  sppBaaaee.  It  as  luu|,ti  prasenled  ui 
rmni  to  tfac  n^sd  ^c  h  a  fcaaf  stao-  of  »lmBl  ife 
I  a  small,  romrf, 
i  withi 
Witbia  tLe  dne. 
appoR^ 
b  Ibe  pmerior  edge  of  tbft  dae  (ot  tbat  r«(M» 
(Se«%.4orpLL)  ^Ibi 
from  the  sim,  the  mma  qteedjtj  ifiniti£wml.  as  if  ahsotM 
which,  on  the  other  hand,  iimiMul  eontiBaallj  in  dinn- 
ftbat  with  meh  npiditf,  that  in  the  vedc  f ItpM  il  from  Jiduij 
J  1st,  fcalraladDg  from  mktrmetrial  seasorea,  and  tivm 
Idtstaoce  of  the  comet  frtnn  the  earth  oa  IboK  dajs)  the  unal 
fvi/  tolt'd  rtmieml  of  the  illaminated  ipaee  had  dilated  in  tke 
Is  of  40  to  1.  And  so  it  coDtiinied  to  swell  out  with  m- 
Irapiditj,  nntil  from  this  eauee  alone  it  ceased  to  be  TiEibIe,lhi 
li  btvoming  fainter  as  the  nugnitode  inneued  ;  till  at  lenglk 
I  beoune  Dndistingoishable  &om  simple  ynnt  of  light  to  tnee 
e  of  dimension  proceeded,  the  fotm  of  the  £« 
tdual  and  sncceGsive  additions  to  itd  length  itt  the  direetioa 
I,  to  that  of  a  parabolaid,  aa  represented  in  -j,  fij.  i, 
r  cnrved  portion  preserving  iM  plmpfa 


OTHER   PERIODICAL   COMETS.  807 

ii*^  (573.)  Besides  the  comet  of  Hallej,  several  other  of  the  great  comets 
'recorded  id  history  have  been  surmised  with  more  or  less  probability  to 
return  periodically,  and  therefore  to  move  in  elongated  ellipses  around  the 
■an.  Such  is  the  great  comet  of  1680,  whose  period  is  estimated  at  575 
years,  and  which  is  considered,  with  the  highest  appearance  of  probability, 
to  be  identical  with  a  magnificent  comet  observed  at  Constantinople  and 
in  Palestine,  and  referred  by  contemporary  historians,  both  European  and 
Chinese,  to  the  year  A.  D.  1105 ;  with  that  of  A.  D.  575,  which  was  seen 
at  noon-daj  close  to  the  sun ;  with  the  comet  of  48  b.  c,  already  spoken 
of  as  having  appeared  after  the  death  of  Csesar,  and  which  was  also 
observed  in  the  day-time ;  and  finally  with  two  other  comets,  mention  of 
which  occurs  in  the  Sibylline  Oracles,  and  in  a  passage  of  Homer,  and 
which  are  referred,  as  well  as  the  obscurity  of  chronology  and  the  indica- 
tions themselves  will  allow,  to  the  years  618  and  1194  b.  g.  It  is  to  the 
assumed  near  approach  of  this  comet  to  the  earth  about  the  time  of  the 
Deluge,  that  Whiston  ascribed  that  overwhelming  tide  wave  to  whose 
agency  his  wild  fancy  ascribed  that  great  catastrophe — a  speculation,  it  is 
needless  to  reipark,  purely  visionary. 

(574.)  Another  great  comet,  whose  return  in  the  year  actually  current 
(1848)  has  been  considered  by  more  than  one  eminent  authority  in  this 
department  of  astronomy  ^  highly  probable,  is  that  of  1556,  to  the  terror 
of  whose  aspect  some  historians  have  attributed  the  abdication  of  the 
Emperor  Charles  Y.  This  comet  is  supposed  to  be  identical  with  that 
of  1264,  mentioned  by  many  historians  as  a  great  comet,  and  observed 
also  in  China,  —  the  conclusion  in  this  case  resting  upon  the  coincidence 
of  elements  calculated  on  the  observations,  such  as  they  are,  which  have 
been  recorded.  On  the  subject  of  this  coincidence  Mr.  Hind  has  recently 
entered  into  many  elaborate  calculations,  the  result  of  which  is  strongly 
in  favour  of  the  si^pposed  identity.  This  probability  is  fiurther  increased 
by  the  fact  of  a  comet  with  a  tail  of  40^  and  a  head  bright  enough  to  be 
visible  after  sunrise  having  appeared  itk  A.  D.  975;  and  of  two  others 
having  been  recorded  by  the  Chinese  annalists  in  A.  D.  895  and  104.  It 
is  true  that  if  these  be  the  same,  the  mean  period  would  be  somewhat 
short  of  292  years.  But  the  effect  of  planetary  perturbation  might 
reconcile  even  greater  differences,  and  though  up  to  the  time  of  our 
writing  no  such  comet  has  yet  been  observed,  at  least  another  year  most 
elapse  before  its  return  can  be  pronounced  hopeless. 

(575.)  In  1661,  1582,-  1402,  1145,  891,  and  248  great  oomete 
appeared — that  of  1402  being  bright  enough  to  be  seen  at  noon-day.  A 
period  of  129  years  would  conciliate  all  these  appearances,  and  should 

*  Fingi^,  Cometognphie,  i.  411.    Lalande,  Attr.  3185. 
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ftht  back  the  comet  in  1789  or  1790  (other  citvamstanoH 
n  Tbnt  no  SDch  comet  voa  observed  about  ibat  time  is  no  jnml 
not  rctam,  since,  owiog  to  tbe  situation  of  ila  orbit,  bad  tbt 
jt  taken  place  in  July  it  might  have  escaped  observatiMi 
ndecd,  from  an  elaborate  discassion  of  the  observations  of  1532 
c  to  tbe  conclusion  that  tbcse  comets  were  not  the  saine; 
Kments  nssigocd  bj  Olbcrs  to  the  earlier  of  tbcin,  dtfret  «d 
those  of  Mcchain  for  the  same  cOmet  on  the  one  hand,  ud 
I  with  those  of  the  last  named  astronomer  for  the  other,' 
li  perbapa  justified  in  regarding  tbe  question  as  not  jet  set  U 

}  come  now,  however,  Co  a  class  of  comete  of  short  peiiod, 
lose  return  there  Is  no  doubt,  ina^mucb  as  two  at  Icut  of 
been  identified  as  having  performed  succcssiTe  reraladou 
3  had  their  return  predicted  already  soveml  times; 
Q  each  occasion  ECrupuiousl;  kept  to  tbcir  appointments.  Tht 
B  is  the  comet  of  Encke,  so  called  from  Professor  Encke  rf 
I  firet  ascertained  its  periodical  retnm.  It  rcrolvea  in  la 
^reat  esccntricity  (though  not  comparable  to  that  of  HaUe/i,) 
which  ia  inclined  at  art  angle  of  about  13°  22'  to  the  plue 
3  short  period  of  1211  days,  or  aboat  Sj  j 
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It  Willi  therefore,  probably  fall  ultimately  into  the  san,  should  it  not  first 
be  dissipated  altogether, — a  thing  no  way  improbable,  when  the  lightness 
of  it«  materials  is  considered. 

(578.)  By  measuring  the  apparent  magnitude  of  this  comet  at  different 
distances  from  the  sun,  and  thence,  from  a  knowledge  of  its  actual  dis- 
tance from  the  earth  at  the  time,  concluding  its  real  volume,  it  has  been 
ascertained  to  contrac|b  in  bulk  as  it  approaches  to,  and  to  expand  as  it 
recedes  from,  that  luminary.  M.  Yalz,  who  was  the  first  to  notice  this 
fiust,  accounts  for  it  by  supposing  it  to  undergo  a  real  compre&^on  or  con- 
densation of  Tolume  arising  from  the  pressure  of  an  aethereal  medium  which 
be  conceives  to  grow  more  dense  in  the  sun's  neighbourhood.  But  such 
an  hypothesis  is  evidently  inadmissible,  since  it  would  require  us  to  assume 
the  exterior  of  the  comet  to  be  in  the  nature  of  a  skin  or  bag  impervious 
to  the  compressing  medium!  The  phenomenon  is  analogous  to  the  increase 
of  dimension  above  described  as  observed  in  the  comet  of  Halley  when  in 
tbe  act  of  receding  from  the  sun,  and  is  doubtless  referable  to  a  similar 
cause,  viz.  the  alternate  conversion  of  evaporable  matter  into  the  states  of 
visible  cloud  and  invisible  gas  by  the  alternating  action  of  cold  and  heat. 
This  comet  has  no  tail,  but  offers  to  the  view  only  a  small  ill-defined 
nucleus,  excentrically  situated  within  a  more  or  less  elongated  oval  mass 
of  vapours,  being  nearest  to  that  vertex  which  is  towards  the  sun.  jj^ 

(579.)  Another  comet  of  short  period  is  that  of  Btelay  so  called  from 
IL  Biela,  of  Josephstadt,  who  first  arrived  at  this  interesting  conclusion 
on  the  occasion  of  its  appearance  in  1826.  It  is  considered  to  be  identi- 
cal with  comets  which  appeared  in  1772, 1805,  &c.,  and  describes  its  very 
excentric  ellipse  about  the  sun  in  2410  days  or  about  6}  years;  and  in  a 
plane  inclined  12^  34'  to  the  ecliptic.  It  appeared  again  according  to  the 
prediction  in  1882,  and  in  1846.  Its  orbit,  by  a  remarkable  coincidence, 
very  nearly  intersects  that  of  the  earth ;  and  had  the  latter  at  the  time  of 
its  passage  in  1882,  been  a  month  in  advance  of  its  actual  place,  it  would 
have  passed  through  the  comet, — a  singular  rencontre,  perhaps  not  un- 
attended with  danger.' 

■  Should  calculation  establish  the  fact  of  a  resistance  eiperienced  also  bf  this  comei, 
tht  subject  of  periodical  comets  will  assume  an  eitraordinarjr  degree  of  interest.  It 
cannot  be  doubted  that  many  more  will  be  discovered,  and  by  their  resistance  questions 
will  come  to  be  decided,  such  as  the  following : — What  is  the  law  of  density  of  the  re- 
sisting medium  which  surrounds  tbe  sun  t  Is  it  at  rest  or  in  motion  f  If  the  latter,  in 
what  direction  does  it  more  f  Circularly  round  the  sun,  4>r  traversing  spaee  f  If  oir- 
oularly,  in  what  plane  f  It  is  obvious  that  a  circular  or  vorticose  motion  of  the  ether 
would  tuetierate  $otne  esmeb  mmd  retmrd  ef Aert,  aeoordiog  as  their  tevoluiion  was,  rela- 
tive to  such  motion,  direct  or  retrograde.  Supposiag  tiss.  asighboiirbood  of  the  sun  to 
be  filled  with  a  material  fluid,  it  is  not  conceivable  that  the  drcnlation  of  the  planets  in 
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'hia  comet  is  smutl  and  liHrdiy  Tibbie  to  the  naked  ejt,n» 
test.     Ncvcrtbeksa,  as  if  to  make  up  for  its  seemiag  ina^ 
le  iotercst  attachiog  to  it  in  n  phj'sical  point  of  view,  iiafc 
ki^t  oppeankDcc,  in  1846,  a  plisDomcnon  vhich  stnick  eiq 
with  araaienient,  ns  a  thing  without  prerious  example  ia  tit 
nr  systein.'     It  woa  sctuullj  secu  to  separate  itself  into  two  ie 
3,  which,  after  thus  partiog  companj,  coatiaued  to  joartiej  tlEa{ 

e  within  the  same  field  of  view  of  the  telescope  poioted  lawtA 
le  Erat  indication  of  Bomething  unasual  boing  about  lo  Ob 
lit  be,  perhaps,  referred  to  (he  19tb  of  December,  1845, »!« 
appeared  pear-shaped,  the  oebulosity  being  unduljr  elongattdii 
following  direction.'     But  on  the  13th  of  January,  >l  Wi 
Ahierica,  and  on  the  15th  and  subsequently  in  every  |«lrf 
wus  distinctly  seen  to  have  become  double ;  a  very  Mutll  nl 
tic  body,  having  a  nucleus  of  its  own,  being  observed  ippeDU 
distance  of  about  2'  (in  arc)  from  its  centre,  and  in  a  dinAia 
angle  of  about  328°  with  the  merijian,  running  northwitit 
riueipul  or  original  comet  (see  art.  204).      From  this  ttnwiii 
of  the  two  comets  went  on  progre§Hvely,  though  slowly    ft 
■January,  the  apparent  distance  of  the  nucleus  had  iociaMd 
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'nuclei^  both  had  short  talk,  parallel  in  direction,  and  nearly  perpendicular 
to  the  line  of  junction,  but  whereas  at  its  first  observation  on  January 
18 thy  the  new  comet  was  extremely  small  and  &int  in  comparison  with 
the  old,  the  difference  both  in  point  of  light  and  apparent  magnitude  di- 
minished. On  the  10th  of  February,  they  were  nearly  equal,  although 
the  day  before  the  moonlight  had  effaced  the  new  one,  leaving  the  other 

-  bright  enough  to  be  well  observed.  On  the  14th  and  16th,  however,  the 
new  comet  had  gained  a  decided  superiority  of  light  over  the  old,  pre- 
ienting  at  the  same  time  a  sharp  and  starlike  nucleus,  compared  by  Lieut. 
Haary  to  a  diamond  spark.     But  this  state  of  things  was  not  to  continue. 

.  Already,  on  the  18th,  the  old  comet  had  regained  its  superiority,  being 
nearly  twice  as  bright  as  its  companion,  and  offering  an  unusually  bright 
and  starlike  nucleus.     From  this  period  the  new  companion  began  to  fade 

•  away,  but  continued  visible  up  to  the  15th  of  March.     On  the  24th  the 

r  eomet  was  again  single,  and  on  the  22d  of  April  both  had  disappeared. 

(582.)  While  this  singular  interchange  of  light  was  going  forwards, 
indications  of  some  sort  of  communication  -between  the  comets  were  ezhi- 
hited.  The  new  or  companion  comet,  besides  its  tail,  extending  in  a 
direction  parallel  to  that  of  the  other,  threw  out  a  faint  arc  of  light,  which 
extended  as  a  kind  of  bridge  from  the  one  to  the  other;  and  after  the 
restoration  of  the  original  comet  to  its  former  preeminence,  it,  on  its  part, 
threw  forth  additional  rays,  so  as  to  present  (on  the  22d  and  28d  Febru- 

.  axy)  the  appearance  of  a  comet  with  three  faint  tails,  forming  angles  of 
about  120^  with  each  other,  one  of  which  extended  towards  its  com- 
panion.' 

(588.)  Professor  Plantamour,  director  of  the  observatory  of  Geneva, 
having  investigated  the  orbits  of  both  these  comets  as  separate  and  inde- 
pendent bodies,  from  the  extensive  and  careful  series  of  obtervations 
made  upon  them,  has  arrived  at  the  conclusion  that  the  increase  of  dis- 
tance between  the  two  nuclei,  at  least  during  the  interval  from  February 
lOih  to  March  22d,  was  simply  apparent,  being  due  to  the  variation  of 
distance  from  the  earth,  and  to  the  angle  under  which  their  line  of  janc- 

-tion  presented  itself  to  the  visual  ray ;  the  real'distance  during  all  that 
interval  (neglecting  small  fractions)  having  been  on  an  average  about 
thirty-nine  times  the  semi-diameter  of  the  earth,  or  less  than  two4hirds 
the  distance  of  the  moon  from  its  centre.  From  thb  it  would  appear, 
that  already,  at  this  distance,  the  two  bodies  had  ceased  to  exercise  any 

■  These  last -mentioned  particalars  rett  on  the  tettimony  of  Lieutenant  Maury  of 
Washington,  who  had  the  advantage  of  uaing  a  nine-inch  object-glass  of  Munich 
manufacture.    It  does  not  ^pear  that  any  largt  telescope  #aa  turned  upon  it  in  Eu 
rope  on  the  dates  in  qaettion. 
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amount  of  perturbative  gravitation  on  each  other;  u,  EnM, 
)robaMo  miuutcness  of  eometary  masses  we  might  reaaaoiif 
alcukting  upon  the  eleraenta  assigned  by  him',  we  find  16*1 
rval  of  their  ocit  perihelion  passages.     Aud  it  will  be,  ltei»- 

d  independent  body,  computing  its  place  from  thc»e  elem^ 
5ther  had  no  existence.     Nevertheless,  as  it  is  still  ftitaij 
at  sonic  hnk  of  connection  may  subsist  between  them,  (if;*, 
omc  unknown  process  the  companion  has  not  been  actai^ 
)  it  will  not  be  advisable  to  rely  on  thig  calcnlstion  ta  Ae 
a  most  vigilant  searah  throughout  the  whole  neighboarhood  tf 
onspicuoua  one,  lest  the  oppormnity  Bhould  be  lost  of  paiMOg 

i  third  comet  of  short  period  has  still  more  recently  been  aUd 
by  M.  Foje,  of  the  observatory  of  Pnris,  who  detected  it  ■ 
f  November  184i5.      A  very  few  observations  sufficed  W  tbw 
Tahola  would  satisfy  the  conditions  of  its  motion,  and  thtt  h 
icni  completely,  it  was  necessary  to  assign  to  it  an  etliptic  aria 
oderatc  cscentricity.     The  calculationH  of  M.    Nicolai,  siA» 
'ised.  and  slightly  corrected  by  M.  Leverrier,  have  shown  iia 

•   •» 
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''^angles  to  the  ecliptic,  they  mast  in  many  instances,  if  not  actually  inter- 
-••fcect,  at  least  pass  Tery  near  to  the  orbits  of  some  of  the  planets.  We 
-' -  bave  already  seen,  for  instance,  that  the  orbit  of  Biela's  comet  so  nearly 

intersects  that  of  the  earth,  that  an  actual  collision  is  not  impossible,  and 
•  indeed  (supposing  neither  orbit  variable)  must  in  all  likelihood  happen  in 

the  lapse  of  some  millions  of  years.  Neither  are  instances  wanting  of 
'  eomets  having  actually  approached  the  earth  within  comparatively  short 

distances,  as  that  of  1770,  which  on  the  1st  of  July  of  that  year  was 

^witin  little  more  than  seven  times  the  moon's  distance.     The  same  comet 

•in  1767  passed  Jupiter  at  a  distance  only  one  58th  of  the  radius  of  that 

-  i^anet's  orbit,  and  it  has  been  rendered  extremely  probable  that  it  is  to 
the  disturbance  its  former  orbit  underwent  during  that  appulse  that  we 

'  owe  its  appearance  within  our  own  range  of  vision.     This  exceedingly  re- 

-  markable  comet  was  found  by  Lexcll  to  describe  an  elliptic  orbit  with  an 
excentricity  of  0*7858,  with  a^periodic  time  of  about  five  years  and  a 
half,  and  in  a  plane  only  1^  34'  inclined  to  the  ecliptic,  having  passed  its 
perihelion  on  the  18th  of  August  1770.     Its  return  of  course  was  eagerly 

'-  expected,  but  in  vain,  for  the  comet  has  never  been  seen  since.     Its  ob- 
'  Beryation  on  its  first  return  in  1776  was  rendered  impossible  by  the  rela- 
tive situations  of  the  perihelion  and  of  the  earth  at  the  time,  and  before 
■  another  revolution  could  be  accomplished  (as  has  since  been  ascertained,) 
'  Tis :  about  the  23d  of  August  1779,  by  a  singular  coincidence  it  again 
'  approached  Jupitier  within  one  491st  part  of  its  distance  from  the  sun, 
being  nearer  to  that  planet  by  one-fifth  than  its  fourth  satellite.     No 
'ironder,  therefore,  that  the  planet's  attraction  (which  at  that  distance 
irould  exceed  that  of  the  sun  in  the  proportion  of  at  least  200  to  1) 
should  completely  alter  the  orbit  and  deflect  it  into  a  curve,  not  one  of 
whose  elements  would  have  the  least  resemblance  to  those  of  the  ellipse 
of  Lexell.     It  is  worthy  of  notice  that  by  this  rencontre  with  the  system 
of  Jupiter's  satellites,  none  of  their  motions  suffered  any  perceptible 
derangement,  —  a  sufiicient  proof  of  the  smallness  of  its  mass.  'Jupiter 
indeed,  seems,  by  some  strange  fatality,  to  be  constantly  in  the  way  of 
comets,  and  to  serve  as  a  perpetual  stumbling-block  to  them. 
X    (586.)  On  the  22nd  of  August,  1844,  Signer  De  Vico,  director  of  the 
(  observatory  of  the  Collegio  Romano,  discovered  a  comet,  the  tnotions  of 
which,  a  very  few  observations  suflSced  to  show,  deviated  remarkably  from 
a  parabolic  orbit     It  passed  its  perihelion  on  the  2nd  of  September,  and 
continued  to  be  observed  until  the  7th  of  December.     Elliptic  elements 
of  this  comet,  agreeing  remarkably  well  with  each  other,  were  accordingly 
calculated  by  several  astronomers ;  from  which  it  appears  that  the  period 
of  revolution  is  about  1900  days,  or  5}  (5*4357)  yearS|  which  (supposing 
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iJinturbed  in  the  interim)  would  bring  it  back  to  the  peribelio 
t  the  13th  of  January,  1850.     As  tlie  assemblage  aod  no- 
hcM  elements  thus  computed  iodepeudently,  will  aerre  tet», 
an  any  other  eiamplc,  tfl  afford  the  student  an  idea  ol  & 
rithmetiual  certainty  cupuble  of  being  attained  in  this  branch 
y,  difficult  and  complex  as  the  calculations  themselves  are,iaJ 
or  as  indiviihtfd  obsen-ations  of  a  body  so  ill-deSned  a»  tk 
otfi  are  fur  the  most  part;  we  shall  present  them  in  a  Ubdlu 
the  neit  page  :  the  elemenla  being  as  usual ;  the  time  of  poi- 
age,   longitude  of  the   perihelion,   that  of  tbe   asceudiug  node, 
lou  to  the  ecliptic,  scmiosia  and  exceutricUy  of  the  orbit,  uJ 

time, 
net,  when  brightest,  was  visible  to  the  naked  eje,  and  h^  i 

It  is  especially  interesting  to  astronomers  from  the  cirao*- 
3  having  been  rendered  esoeodinglj  probable  by  tbe  reseanki 
rrier,thiit  it  is  identical  with  one  which  appeared  in  167S«ilk 
clemcnta  conaiderobly  changed  by  perturbation.      Tliis  eooei 
remarkable,  from  hiiviiig  been  concluded  by  Messrs.  Laagier 
s,  (o  be  identical  with  tbe  comet  of  158o  observed  by  Tjcio 
possibly  also  with  those  of  1743,  1766,  and  1819. 
elliptic  clement.^  have   in   like  manner  been   assigned   ta  tit 

COHKT  OF  DE   VICO. 
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Tbis  comet  is  fninl,  nad  presents  noliiing  remorltable  in  its  appcartDOe. 
"*  Its  chief  interest  arises  frnra  the  great  similarity  of  ila  parabv/ir  elemeDli 
'   to  those  of  the  cornet  of  153'2,  the  ptuoe  of  the  perihelion  and  code,  and 
he  inelioation  of  the  orbit,  being  alriiost  identical. 

(5S8.)  Bllipiic  elenienia  have  also  been  calonlated  by  H.  P' Arrest,  tat 
a.  Cfluiet  discovered  by  M.  Pctere,  on  tho  2Gth  of  June,  184fi,  which  go 
1  assign  it  a  place  among  the  cornels  of  short  period,  vie.  5804'-3,  or 
Tery  nearly  16  yenrtt.  The  exeentricity  of  tho  orbit  ia  0-75G72,  its  mai- 
txU  6-3t>0G6,  and  the  inelinalion  of  its  plane  to  that  of  the  ecliptic  SI'  ¥ 
U".     This  comet  passed  its  perihelion  on  the  let  of  June,  1S46._/' 

(580.)  By  fur  (he  most  rcnmrkable  comet,  however,  which  has  been 
econ  during  the  present  century,  is  that  which  appeared  in  the  spring  tt 
1HS,  and  whose  tail  became  Tiaible  in  the  twilight  of  the  ITlh  of  Mm 
in  England  as  a,  greot  beam  of  nebulous  light,  extending  from  t 
above  the  western  horixou,  through  the  stars  of  Eridanus  and  Leps 
unijer  the  belt  of  Orion.  This  situation  was  low  and  unfuvouTablc ; 
it  was  not  till  the  19th  that  the  head  was  seen,  and  then  only  ai  a 
and  ill-dcGned  nebula,  very  rapidly  fading  on  subRequent  nigliU. 
more  Eouthcm  latitudes,  however,  not  only  the  tail  yn 
nificent  train  of  light  extending  50°  or  60°  in  length;  but  the  head  agj 
nucleus  appeared  with  extraordinary  splendour,  exciting  in  every  eonnbj 
where  it  was  seen  the  greatest  astonishment  and  admiration.  Indeed,  iQ 
descriptions  agree  in  representing  it  as  n  s^topendnus  spcctucle,  ^ll'  h  :i-;  iu 
euperstilious  ages  would  not  fail  to  have  carried  terror  into  every  boMn. 
In  tropical  latitudes  in  the  northern  hemisphere,  the  tail  appeared  on  tb*  ' 
8d  of  Slarch,  and  in  Van  Diemen'a  Land,  so  eariy  as  the  Ist,  the  wnwt 
having  passed  its  perihelion  on  the  27tb  of  February.  Already  on  tl* 
3d  the  bead  was  so  far  disengaged  from  the  immediate  vicinity  of  the  Ban,  ' 
OS  to  appear  for  a  short  time  above  the  horimn  after  sunset.  On  this  daj 
when  viewed  through  a  46-inch  achromatic  telescope  it  presented  a  plut- 
etary  disc,  from  which  rays  emerged  in  the  direction  of  the  tail.  The  tul 
was  double,  consisting  of  two  principal  lateral  streamers,  making  a  very 
email  angle  with  each  other,  and  divided  by  a  comparatively  dark  line,  of 
the  estimated  length  of  25°,  prolonged,  however,  on  the  north  side  by  i 
divergent  streamer,  making  an  angle  of  5°  or  6°  with  the  general  direc- 
tion of  tho  axis,  and  traceable  as  far  as  65°  from  the  head.  A  similar 
though  fainter  lateral  prolongation  appeared  on  the  south  side.  A  fine 
drawing  of  it  of  this  date  by  C.  P.  Smyth,  Esq.,  of  the  Royal  Obserratoiy, 
C.  6.  H.,  represents  it  as  highly  symmetrical,  and  gives  the  idea  of  a 
vivid  cone  of  light,  with  a  dark  axis,  and  nearly  rectilinear  sides,  inclosed 
in  a  fiuDler  oone,  the  sides  of  which  curve  slightly  outwards.    The  light 
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r  the  nucleus  at  this  period  is  compared  to  that  of  a  star  of  the  first  or 

xaad  magnitude;  and  on  the  11  tb,  of  the  third;  from  which  time  it 

i^rnded  in  light  so  rapidly,  that  on  the  19th  it  was  invisible  to  the  naked 

ijf,  ihe  tail  all  the  while  continuing  brilliantly  visible^  though  much 

BOfe  80  at  a  distance  from  the  nucleus,  with  which,  indeed,  its  connexion 

IBB  not  then  obvious  to  the  unassisted  sight  —  a  singular  feature  in  the 

kirtoiy  of  this  body.    The  tail,  subsequent  to  the  3d,  was,  generally 

tanking,  a  single  straight  or  slightly  curved  broad  band  of  light,  but  on 

^  11th  it  is  recorded  by  Mr.  Clerihew,  who  observed  it  at  Calcutta,  to 

kve  shot  forth  a  lateral  tail  nearly  twice  as  long  as  the  regular  one,  but 

toter,  and  making  an  angle  of  about  18°  with  its  direction   on   the 

m&em  side.    The  projection  of  this  ray  (which  was  not  seen  either 

kfore  or  after  the  day  in  question)  to  so  enormous  a  length,  (nearly 

100^)  in  a  single  day  conveys  an  impression  of  the  intensity  of  the  forces 

tBtiDg  to  produce  such  a  velocity  of  material  transfer  through  space,  such 

HBO  other  natural  phsenomenon  is  capable  of  exciting.     It  is  clear  that 

if  we  have  to  deal  here  with  mattery  su<:h  as  tee  conceive  it,  viz.  possessuig 

iaertia — at  aUy  it  must  be  under  the  dominion  of  forces  incomparably 

Bore  energetic  than  gravitation. 

($60.)  There  is  abundant  evidence  of  the  comet  in  question  having 
been  seen  in  full  daylight,  and  in  the  sun's  immediate  vicinity,  It  was 
nnen  on  the  28th  of  February,  the  day  after  its  perihelion  passage,  by 
tmj  person  on  board  the  H.  £.  I.  C.  S.  Owen  Glendower,  then  off  the 
Oipe,  as  a  short,  dagger-like  object,  close  to  tl^e  sun,  a  little  before  sunset. 
On  the  same  day,  at  3^6"  P.  M.,  and  consequently  in  full  sunshine,  the 
&tanoe  of  the  nucleus  from  the  sun  was  actually  measured  with  a  sex- 
tint  by  Mr.  Clarke,  of  Portland,  United  States,  the  distance,  centre  from 
centre,  being  then  only  3^  50'  43".  He  describes  it  in  the  following 
tcmiB :  '^  The  nucleus,  and  also  every  part  of  the  tail,  were  as  well  defined 
n  the  moon  on  a  clear  day.  The  nucleus  and  tail  bore  the  same  appear- 
ince,  and  resembled  a  perfectly  pure  white  cloud,  without  any  variation^ 
except  a  slight  change  hear  the  head,  just  sufficient  to  distinguish  the 
nnekus  from  the  tail  at  that  point."  The  densencss  of  the  nucleus  was 
n  eoDsiderable,  that  Mr.  Clarke  had  no  doubt  it  might  have  been  visible 
upon  the  sun's  disc,  had  it  passed  between  that  and  the  observer.  The 
length  of  the  visible  tail  resulting  from  these  measures  was  59',  or  not  far 
hmi  double  the  apparent  diameter  of  the  sun ;  and  as  wc  shall  presently 
iee  that  on  the  day  in  question  the  distance  from  the  earth  of  the  sun  and 
comet  must  have  been  very  nearly  equal,  this  gives  us  about  1700000 
unles  for  the  linear  dimensions  of  this,  the  densest  portion  of  that  ap- 
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pendiige,  molting  no  nllowance  far  the  foreBbortening,  irbiah  at  Ibat  Hiot 
was  rery  considerable. 

(591.)  The  ctcmcola  of  tbis  cnmet  are  among  the  most  remarkable  of 
any  recorded.  TLey  have  been  ealcuhted  bj  several  eminent  astronomcn, 
nmoog  whoBo  results  we  shull  specify  only  tho«e  wbich  agree  bost;  lie 
earlier  attempts  to  compute  its  path  having  been  rendered  uncertain  bj 
the  difficulty  attending  exact  observations  of  it  in  the  fint  part  of  il« 
Tisible  career.     The  following  are  those  which  seem  entitled  lo  mmt 
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(592.)  What  renders  these  elements  so  remarkable  ia  tbe  smallocss  of 
the  perihelion  diatance.  Of  all  comets  which  have  been  recorded  this  bu 
made  the  nearest  approach  to  the  sun.  The  son's  radius  being  the  sins 
of  hia  apparent  semi-diameter  {!&  1"  -5)  to  a  radius  eqnal  to  the  earth 'i 
mean  distance^l,  is  represented  on  that  scale  by  000466,  which  iiillt 
short  of  0'00534,  the  perilieli->n  distance  f.iund  by  taking  a  mean  of  all 
the  foregoing  results,  by  only  0*00067,  or  about  one  seventh  of  its  whola 
magnitude.  Tbo  comet,  therefore,  approached  the  luminoui  anrfece  <i 
the  sun  within  about  the  seventh  part  of  the  aun'a  radius  1  It  is  worth 
while  to  consider  what  is  implied  in  such  a  fact.  In  the  first  place,  tba 
intensity  both  of  the  light  and  radiant  heat  of  the  sun  at  different  di>- 
tances  from  that  luminary  increase  proportionally  to  the  spherical  area  of 
the  portion  of  the  visible  hemisphere  covered  by  the  sun's  disc,  Thia 
disc,  in  the  case  of  the  earth,  at  its  mean  distance  has  on  angular  dia- 
meter of  32'  3".  At  our  comet  in  perihelio  the  apparent  angular  dia- 
meter of  the  sun  was  no  less  than  121°  32'.  The  ratio  of  the  spherittl 
surfaces  thus  occupied  (as  appears  from  spherical  geometry)  is  that  of  tba 
Bquares  of  the  sines  of  the  fourth  parts  of  these  angles  to  each  other,  or 
that  of  1  :  47042.  And  in  this  proportion  are  to  each  other  the  amoonia 
of  light  and  beat  thrown  by  the  sun  on  an  equal  area  of  exposed  smfaee 
on  our  earth  and  at  the  comet  in  ei^ual  instanla  of  time.  Let  any  one 
imagine  the  effect  of  so  fierce  a  glare  as  that  of  47000  snns  such  aa  we 
experience  the  warmth  of,  on  the  materials  of  which  the  earth's  aar&oe 
ia  oompoaed.    To  form  some  practical  idea  of  it  we  may  compare  it  with 
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what  is  recorded  of  Parker's  great  lens,  whose  diameter  was  32^  inches 
and  focal  length  six  fecfc  eight  iDcIics.  The  effect  of  this,  supposing  all 
the  light  and  heat  transmitted,  and  the  focal  concentration  perfect,  (both 
conditions  very  imperfectly  satMed,)  would  be  to  enlarge  the  sun's 
eff^tive  angular  diameter  to  23?  26',  which,  compared  on  the  same 
principle  with  a  sun  of  32'  in  diameter,  would  give  a  multiplier  of  only 
1915  instead  of  47000.  The  heat  to  which  the  comet  was  subjected 
therefore  surpassed  that  in  the  focus  of  the  lens  in  question,  on  the 
lowest  calculation,  in  the  proportion  of  24^  to  1.  Yet  that  lens  melted 
oomelian,  agate,  and  rock  crystal ! 

(593.)  To  this  extremity  of  heat  however  the  comet  was  exposed  but 
for  a  short  time.  Its  actual  velocity  in  perihelio  was  no  less  than  366 
miles  per  second,  and  the  whole  of  that  segment  of  its  orbit  above  (t.  e. 
north  of)  the  plane  of  the  ecliptic,  and  in  which,  as  will  appear  from  a 
consideration  of  the  elements,  the  perihelion  was  situated,  was  described 
in  little  more  than  two  hours ;  such  being,  the  whole  duration  of  the  time 
from  the  ascending  to  the  descending  node,  or  in  which  the  comet  had 
north  latitude.  Arrived  at  the  descending  node,  its  distance  from  the 
sun  would  be  already  doubled,  and  the  radiation  reduced  to  one  fourth 
of  its  maximum  amount.  The  comet  of  1680,  whose  perihelion  distance 
was  0'0062,  and  which  therefore  approached  the  sun's  surface  within  one 
third  part  of  his  radius  (more  than  double  the  distance  of  the  comet  now 
in  question)  was  computed  by  f^ewton  to  have  been  subjected  to  an 
intensity  of  heat  2000  times  that  of  red-hot  iron, — a  term  of  comparison 
indeed  of  a  very  vague  description,  and  which  modem  thermotics  do  not 
recognize  as  affording  a  legitimate  measure  of  radiant  heat.|Air     __ 

(594.)  Although  some  of  the  observations  of  this  oomel  were  vague 
and  inaccurate,  yet  there  seem  good  grounds  for  believing  that  its  whole 
course  cannot  be  reconciled  with  a  parabolic  orbit,  and  that  it  really 
describes  an  ellipse.  Previous  to  any  calculation,  it  was  remarked  that 
in  the  year  1668  the  tail  of  an  immense  comet  was  seen  in  Lisbon,  at 
Bologna,  in  Brazil,  and  elsewhere,  occupying  nearly  the  same  situation 
among  the  stars,  and  at  the  same  season  of  the  year,  viz.  on  the  5th  of 
March  and  the  following  days.     Its  brightness  was  such  that  its  reflected 

*  A  transit  of  this  comet  over  the  sun's  disc  mast  probably  htve  taken  place  shortly 
after  its  passaji^e  through  its  llecending  node.  It  is  greatly  to  be  regretted  that  so 
interesting  a  phenomenon  should  have  passed  unobserved.  Whether  it  be  possible 
that  some  oflfset  of  its  tail,  darted  off  so  late  as  the  7th  of  March,  when  the  comet 
was  already  far  south  of  the  ecfipiic,  should  hare  crossed  that  plane  and  been  seen 
near  the  Pleiades,  may  be  doubted.  Certain  it  is,  that  on  the  evening  of  that  day,  a 
decidedly  cometic  ray  was  seen  in  the  immediate  neighbonrhood  of  those  stars  by  Mr. 
Naamyth.  (Ast.  Soc^Notices,  vol.  v.  p.  270.) 
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^K     trace  '^as  easily  distinguisbed  oa  the  sea.     Tlio  bead,  wben  U  &t  leogtb 

^B     ome  io  sight,  vraa  comparallvely  faint  and  scarce  dwceruible.    No  pred« 

^1      observatioDs  were  niado  of  tbia  comet,  but  the  siagukr  coincidence  of 

Btuatbo,  ecasou  of  the  year,  and  pbysical  resemblance,  eioiied  u  strong 

euapicion  of  the  identity  of  the  two  bodies,  implying  a  period  of  175 

years   iiithin  a  day  or  tico  more  or  leas.     Tbia  auapicion  has  bueD  con- 

ITerled  almost  into  a  certainty  by  a  careful  csamiaation  of  what  is  recorded 
d  the  older  comet.  Locating  on  a  celestial  chart  the  gituutiou  of  tlie 
head,  cancluded  from  the  direction  acd  appcuraaco  of  the  tail,  wbcn  oaly 
that  vm  seen,  aod  its  visible  place,  nbco  meation^,  according  lo  tbn 
descriptions  given,  it  bos  been  found  practicable  to  derive  ti  rougli  orbit 
irom  the  course  thus  laid  down  :  and  this  agrees  in  all  its  fcaLurei  so  ircll 
irith  that  of  the  modem  comet  as  nearly  to  remove  all  doubt  on  ttw 
Bnbject,  Comets,  moreover,  are  recorded  to  have  been  secD  ia  a.  d.  '26<S, 
442-3,  791,  9G8,  1143,  1317,  1494,  which  may  have  beeu  returns  «f 
this,  since  the  period  above-mentioned  would  bring  round  its  appcarauca 
to  the  years  2G8,  443,  618,  "93,  MS,  1143,  1318,  and  1493,  ud  a 
certain  latitude  must  always  be  allonedfor  unkaown  pertorbatioiis, 
(595,)  But  this  h  not  tbo  only  comet  on  record  whose  identity  wilb 

^the  comet  of  '43  has  been  maintained.  In  16^9  a  comet  beariog  a  eon- 
■iderahle  resemblance  to  it  was  observed  from  the  Stb  to  the  23d  of  De- 
oember,  and  from  the  few  and  rudely  observed  places  recorded,  its  cicmcuta 
had  been  calculated  by  Pingn^,  one  of  tho>moat  diligent  intiuirers  into  this 
part  of  a'-lronoiny.'  From  those  it  iijiprtirs  ihut  the  perihelion  Jistauta 
of  that  comet  waa  very  remarkably  small,  and  a  sufficient  though  indeed, 
rough  coincidence  in  the  placea  of  the  perihelion  and  node  tended  to 
corroborate  the  suspicion.  But  the  inclination  (69")  assigned  to  it  by 
I^DgT^  appeared  conclusive  against  it.  On  recomputing  the  elements, 
however,  from  his  data,  Professor  Fierce  haa  assigned  to  that  comet  an 
ioelination  widely  differing  from  Pingre's,  viz.  30°  4'',  and  quite  withts 
reasonable  limits  of  rcsemhianec.  But  how  does  this  agree  with  the 
longer  period  of  175  years  before  assigned  ?     To  reconcile  this  «c  must 

'  Aulhor  of  [hs  "  Com^tagnphie,"  a  work  indiapeniable  (o  alt  who  would  Modf 
thii  imereaiiiig  deparimenl  of  ihs  Kiencc. 

'Uniled  Kimes  Gmeiie,  May  29,  1S13.  Considering  ihal  all  ihe  obscrvarions  be 
nrar  ihe  descending  nod«  of  [he  orbit,  the  proiimiiy  of  ihe  conirl  at  that  lime  id  iIm 
■uti,  and  liic  Itwse  nature  of  the  recorded  observitions,  no  doubt  almoil  uny  given  in- 
clinilioii  mi>>I  be  deduced  from  lliein.  The  true  teat  in  such  casea  ia  not  to  ascend 
from  ihe  old  incorrect  data  io  elemenia,  but  to  deacend  from  known  and  certain  ala> 
menu  in  the  older  diti.  and  aacerlain  whether  the  recorded  phenomena  cid  be  repre- 
■ented  by  them  ( perl urbal ions  included}  wiihin  fair  limits  of  unerpielation.  Such  ii 
the  course  pursued  by  ClauMn. 


GRBAT  COMET   OF  1848.  821 

sapposo  that  these  175  years  comprise  at  least  eight  returns  of  the  comet, 
and  that  in  effect  a  mean  period  of  21'*875  must  be  allowed  for  its  return. 
Now  it  is  worth  remarking  that  thb  period  calculated  backwards  from 
1843*156  will  bring  us  upon  a  series  of  years  remarkable  for  the  appear- 
ance of  great  comets,  many  of  which,  as  ^ell  as  the  imperfect  descriptions 
'<t¥e  have  of  their  appearance  and  situation  in  the  heavens,  offer  at  least  no 
obvious  contradiction  to  the  supposition  of  their  identity  with  this.  Be- 
sides those  already  mentioned  as  indicated  by  the  period  of  175  years,  we 
may  specify  as  probable  or  possible  intermediate  returns,  those  of  the 
oomete  of  1733  ?»,  1689  above-mentioned,  1559?,  1537*,  1515',  1471, 
1426, 1405-6, 1383, 1361, 1340^  1296, 1274, 1230*,  1208, 1098, 1056, 
1034,  1012«,  990  r,  925  ?,  858  ?  ?,  684»,  552,  530»,  421,  245  or  247'S 
180",  158.  Should  this  view  of  the  subject  be  the  true  one,  we  may  ex- 
pect its  return  about  the  end  of  1864  or  beginning  of  1865,  in  which 
event  it  will  be  observable  in  the  Southern  Hemisphere  both  before  and 
after  its  perihelion  passage". 

(596.)  M.  Clausen,  from  the  assemblage  of  all  the  observations  of  this 
comet^  known  to  him,  has  calculated  elliptic  elements  which  give  the  extra- 
ordinarily short  period  of  6*38  years.  And  in  effect  it  has  been  suggested 
that  a  still  further  subdivision  of  the  period  of  21*875  into  three  of 
7*292  years,  would  reconcile  this  with  other  remarkable  comets.  This 
seems  going  too  far;  but  at  all  events  the  possibility  of  representing  its 
motions  by  so  short  an  ellipse  will  easily  reconcile  us  to  the  admission  of 
a  period  of  21  years.  That  it  should  only  be  visible  in  certain  apparitions, 
and  not  in  others,  is  sufficiently  explained  by  the  situation  of  its  orbit. 

(597.)  We  have  been  somewhat  diffuse  on  the  subject  of  this  comet, 

*  P.  Passage  1733*781.  This  great  southern  comet  of  May  17th  seems  too  early  ia 
the  year. 

*  P.  P.  1536*906.    In  January  1537,  a  comet  was  seen  in  Pisces. 

*  p.  p.  1515*031.  A  comet  ftedieted  the  death  of  Ferdinand  the  Catholic.  He  died 
Jan.  23,  1515. 

*  p.  P.  1340  031.    Evidently  a  southern  comet,  and  a  ?ery  probable  appearance. 

*  P.  P.  1230*656,  was  perhaps  a  return  of  Halley's. 

*  P.  P.  1011*906.  In  1012,  a  very  great  comet  in  the  southern  part  of  the  heavens. 
"  Son  6clat  blessait  les  yeuz.*'  (Pingr^  Com^tographie,  from  whom  all  these  recorded 
appearances  are  taken.) 

*  P.  P.  990*031.    '*  Com^te  fort  ^pouvantable,"  tome  year  between  989  and  998. 

*  P.  P.  683*781.   In  684,  appeared  two  or  three  comets.    Dates  begin  to  be  obscure. 

*  Two  distinct  comets  (one  probably  the  comet  of  Cesar  and  1680)  appeared  in  530 
and  531,  the  former  observed  in  China,  the  latter  in  Europe. 

**  P.  P.  246*281 ;  both  southern  comets  of  the  Chinese  annals.    The  year  of  one  or 
other  may  be  wrong. 
"  P.  P.  180*656.  Nov.  6,  a.  d.  180.    A  southern  comet  of  the  Chinese  annals. 
**  Clausen,  Astron.  Nachr.  No.  485. 
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for  lUo  sate  of  sLowing  the  degree  aivl  kind  of  interest  wliicb  atUcb^  to 
coraetic  nsfroaoniy  in  (be  present  state  of  tbe  science.     In  fact  tiierc  u  no 
broQcb  of  aalronoiny  more  replete  with  interest,  aad  wo  rosy  ailJ  moro 
eagorly  pursued  at  present,  ioasDiucb  as  tbe  bold  whieb  esaoC  citloulatim 
givuB  us  00  it  may  be  rognrdi'd  as  completely  cEtablisbod ;  so  that  whmienf 
may  be  ooDcluded  as  to  tbe  motions  of  any  comet  which  nball  bvuuafar- 
ward  come  to  be  obaerved,  will  be  concluded  od  sure  grouuds  aod  with 
numerical  precision ;  while  the  improvcmeots  wbich  have  been  iutrodnwi 
ioio  tbe  calculation  of  cometary  perturbatioo,  and  the  daily  increasing 
familiarity  of  numerous  astronomers  with  eompatatians  of  thie  natnrci 
enable  us  to  trace  their  past  and  future  history  with  a  oortnin^,  which 
the  commencement  of  the  present  century  could  hardly  have  J>een  h 
upon  as  attainable.    Every  C'lniet  newly  discovered  is  nt  once  suhjccteA     ^ 
the  ordeal  of  a  most  rigorous  inquiry.     Its  elements,  ronghly  oaloula  ■**" 
within  a  few  days  of  ita  appearance,  arc  gradually  spproiimated  to  3S  ^•^'" 
servationa  accumulate,  by  a  multitude  of  ardent  and  eipert  compoli^^®**- 
On  the  least  iudicatioD  of  a  deviation  from  a  pmabolio  orbit,  it«  ellij^^'"* 
eleineuts  become  a  subject  of  universal  and  lively  ioterest  and  discuesic^^^^^- 
Old  rwiirdfl  are  ransacked,  with  all  tbe  advantage  of  improved  data  a   -^oa 
methods,  so  OS  to  rescue  from  oblivion  tbe  orbita  of  ancient  comclj!  wbi_      ^" 
prescut  any  eimihiTity  to  that  of  tbe  new  visitor.   Tbe  distucbancca  and^^^^ 
gone  in  the  interval  by  tbe  soltoa  of  tbe  planets  arc  investigated,  and  t^-^* 
"past,  thus  brought  into  unbroken   ronnpsion  with  the  present,  ia  nmde  ** 

afford  substantial  grouud  for  prediction  of  the  future.  A  great  impul^^*^' 
meanwhile,  boa  been  given  of  late  years  to  the  discovery  of  oomels,  b^^^^y 
the  establishment  in  1840',  by  bis  lat«  Majesty  the  King  of  Denroar^^~> 
of  a  prize  medal,  to  be  awarded  for  every  sucb  discovery,  to  the  first  o5*  *^ 
server,  (the  ioflnence  of*which  may  be  most  unequivocally  traced  in  tt^^^^^ 
great  number  of  these  bodie,"  which  every  successive  year  sees  added  ^^B** 
our  list,)  and  by  the  circulation  of  notices,  by  special  letter*,  of  every  sue  '' 
discovery  (accompanied,  when  possible,  by  an  ephemeris),  to  all  observe^E^*^ 
who  have  shown  that  they  take  an  interest  in  the  inquiry,  so  as  to  ensur"*  ^ 
the  full  and  complete  observation  of  the  nevr  comet,  so  long  as  it  reroaia=^  ' 
within  the  reach  of  our  telescopes. 

(598.)  It  is  by  no  means  merely  as  a  subject  of  antiquarian  interest,  w*"*" 
on  account  of  the  brilliant  spectacle  which  comele  occasionally  afford,  tha-  * 
astronomers  attach  a  high  degree  of  importance  to  all  that  regards  theav^  — 
Apart  even  from  the  singularity  and  mystery  which  appertains  to  the!  ^ 

'  See  ihe  aanouneemeDt  of  this  inaiiigilon  in  Asiron.  Nachr.  No.  400. 

*Bf  Piof.  SchoDueber,  Diiector  of  ibe  Rofal  ObMmiarr  orAlioBa.  i 
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phjrfcid  ecmffcitatioii,  tliej  have  become,  throagh  ibe  nedimn  of  exict 
calenlatioii,  unexpeeted  instraments  of  inqairy  ittto  points  ooxmeeted  witk 
Ae  planetaiy  systefn  itself,  of  no  small  importanoe.  We  have  seen  that 
Ae  moTements  of  the  comet  of  Encke,  thus  minutely  and  perseveringly 
traced  by  the  eminent  astronomer  whose  name  ia  used  to  distinguish  it, 
lias  afforded  ground  for  believing  in  the  presence  of  a  resisting  medium 
Uning  the  whole  of  our  system.  Similar  inquirSee,  prosecuted  in  the 
cases  of  other  periodical  comets,  will  extend,  confrm,  or  modify  our  con- 
clusions on  this  head.  The  perturbations,  too,  which  comets  experience 
in  passing  near  any  of  the  planets,  may  afford,  and  have  afforded,  infor- 
mation as  to  the  magnitude  of  tbe  disturbing  masses,  which  could  not  well 
•  be  otherwise  obtained.  Thus  the  approach  of  this  comet  to  the  planet 
M ereuiy  in  1888  afforded  an  estimation  of  the  mass  of  thait  planet^  the 
more  precious,  by  reason  of  the  great  uncertainty  under  which  all  previous 
determinations  of  that  element  laboured.  Its  approach  to  the  same  planet 
in  the  present  year  (1848)  will  be  still  nearer.  On  the  22d  of  November 
their  mutual  distance  will  be  only  fifteen  times  the  moon^B  distance  from 
the  earth. 

(599.)  It  is,  however,  in  a  physical  point  of  view  that  tiiese  bodies  offer 
the  greatest  stimulus  to  our  curiosity.  There  is,  beyond  question,  some 
profound  secret  and  mystery  of  nature  concerned  in  die  phsenomenon  of 
their  tails.  Perhaps  it  is  not  too  much  to  hope  that  fiiture  observation, 
borrowing  every  aid  fnm  rational  speculation,  grounded  on  the  progress  of 
physical  science  generally,  (especially  those  branches  of  it  which  relate  to 
the  aethereal  or  imponderable  elements),  may  ere  long  enable  us  to  pene- 
trate this  mystery,  and  to  declare  whether  it  is  really  matter^  in  the  ordi- 
nary acceptation  of  the  term,  which  is  projected  from  their  heads  with 
such  extravagant  velocity,  and  if  not  impelled,  at  least  directed  in  its 
course  by  a  reference  to  the  sun,  as  its  point  of  avoidances  In  no  respect 
is  the  question  as  to  the  materiality  of  the  tail  more  fbrcibly  pressed  on. us 
for  consideration,  than  in  that  of  the  enormous  sweep  which  it  makes 
round  the  sun  in  perihelio,  in  the  manner  of  a  straight  and  rigid  rod,  in 
defiance  of  the  law  of  gravitation,  nay,  even  of  the  received  laws  of  mo- 
tion, extending  (as  we  have  seen  in  tbe  comets  of  1680  and  1848)  from 
near  the  sun's  surface  to  the  earth's'  oi1)it,  yet  whirled  round  unbroken ; 
in  the  latter  case  through  an  angle  of  180^  in  little  more  than  two  hours. 
It  seems  utterly  incredible  that  in  such  a  case  it  is  one  and  the  same 
inaterial  object  which  is  thus  brandished.  If  there  could  be  conceived 
such  a  thing  as  a  negative  skadotc,  a  momentary  impression  made  upoa 
the  luminiferous  aether  behind  the  comet,  this  would  represent  in  some 
degree  the  conception  such  a  phaenomeaon  iireaistibly  calls  up.    B«t  this 
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(600.)  The  great  number  of  comets  whi( 
orbits,  or  orbits  at  least  undistinguishable  f 
scription  of  that  comparatively  small  part  y 
bilitj  to  us,  has  given  rise  to  an  impression  ; 
to  our  system,  wanderiDg  through  space,  aD< 
^    j\;  A  temporary  obedience  to  its  kws  during  their 

-,'.  y{i  \  may  be  in  this  view,  we  may  never  have  sati 

• ; :  i^   jj  On  Buch  an  hypothesisi  our  elliptic  comets  < 

"';>  I v\^i  1  ^^P  within  the  sphere  of  the  sun's  predomi 

j!\^.  '^v*  '*  0^  one  or  other  of  the  planets  near  which  th 

a  manner  as  to  diminish  their  velocity,  an 
elliptic  motion.'    A  similar  cause  acting  the 
probability,  give  rise  to  a  hjrperbolic  motion, 
case,  the  comet  would  remain  in  the  system,  a 
;.  \  number  of  revolutions,  in  the  latter  it  would  ] 

' 'i  r!  '\  possibly  be  the  cause  of  the  exceedingly  rare 

comet  as  compared  with  elliptic  ones. 
,  (601.)  All  the  planets  without  exception,  a 

circulate  in  one  direction.     Retrograde  cometi 
mon  occurrence,  which  certainly  would  go  to 
at  least  an  independent  origin.     Laplace,  froo 
:^  1  <  cometary  orbits  known  in  the  earlier  part  o£ 

duded  that  the  mean  or  average  situation  of  th 
orbits,  with  respect  to  the  ecliptic,  was  so  neai 
as  to  afford  no  nrosnmnfS/v"  r-*  — 


It'   ■'  .• 
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^  and  of  these  only  two^  viz.  Hallej's  and  the  great  comet  of  1843,  can  be 

■  regarded  as  satisfaotorilj  made  out.     Finally,  of  the  125  comets  whose 

■  elements  are  given  in  the  collection  of  Schumacher  and  Olbers,  up  to 
^  1823,  the  number  of  retrograde  comets  under  10°  of  inclination  b  only 

■  2  out  of  9,  and  under  20°,  7  out  of  23.     A  plane  of  motion,  therefore, 

■  nearly  coincident  with  the  ecliptic,  and  a  periodical  return,  are  circum- 

■  stances  eminently  favourable  to  direct  revolution  in  the  cometary  as  they 
M  are  decisive  among  the  planetary  orbits.   [Here  also  we  may  notice  a  very 

carious  remark  of  Mr.  Hind,  (Ast.  Nachr.  No.  724,)  respecting  periodic 

^  comets,  viz.,  that,  so  far  as  at  present  known,  they  divide  themselves  for 

■  the  most  part  into  two  families,  —  the  one  having  periods  of  about  75 
■i  years,  corresponding  to  a  mean  distance  about  that  of  Uranus ;  the  other 

■  corresponding  more  nearly  with  those  of  the  asteroids,  and  with  a  mean 
^  distance  between  those  small  planets  and  Jupiter.  The  former  group 
'  consists  of  four  members,  Halle/s  comet  revolving  in  76  years,  one  dis- 

■  covered  by  Olbers  in  74,  De  Vice's  4th  comet  in  78,  and  Brorsen's  3d  in 
'  75,  respectively.     Examples  of  the  latter  group  are  to  be  seen  in  the 

table,  p.  552,  at  the  end  of  this  volume.  It  may  be  added,  also,  that 
cme  or  two  of  the  asteroids  are  described  as  having  a  fiiint  nebulous  enve- 
lope about  them,  indicating  somewhat  of  a  cometic  nature.]    i  t 
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Kud  theorieSi  thiiii  tnffioe  for  the  establisbment  and  verifioation  of  the 

elliptic  theory.     These  inequaliticB  are  known,  in  physical  astronomy,  by 

the  name  of  periurhcUwM,     They  arise,  in  the  case  of  the  primary 

pUnets,  from  the  mutual  gravitations  of  these  planets  towards  each  other, 

which  derange  their  elliptio  motions  round  the  sun ;  and  in  that  of  the 

seoondaries,  partly  from  the  mutual  gravitation  ci  the  secondaries  of  the 

fiune  system  similarly  deranging  their  elliptic  motions  round  their  common 

pnmarj,  and  partly  from  the  unequal  attraction  of  the  sun  and  planets  on 

tiiem  and  on  their  primary.     These  perturbations,  although  small,  and,  in 

iDoit  instances,  insensible  in  short  intervals  of  time,  yet,  when  accumu- 

hted,  as  some  of  them  may  become,  in  the  lapse  of  ages,  alter  very 

greitly  the  original  elliptic  relations,  so  as  to  render  the  same  elements  of 

the  pknetary  orlnts,  whioh  at  one  epoch  represented  perfectly  well  their 

morements,  inadequate  and  unsatisfactory  after  long  intervals  of  time. 

(603.)  When  Newton  first  reasoned  his  way  from  the  broad  features 
of  the  celestial  motions,  up  to  the  law  of  universal  gravitation,  as  affect- 
ing all  matter,  and  rendering  every  particle  in  the  universe  subject  to  the 
iaifaienee  of  every  other,  he  was  not  unaware  of  the  modifications  which 
tins  generalixation  would  induce  upon  the  results  of  a  more  partial  and 
fimited  application  of  the  same  law  to  the  revolutions  of  the  planets  about 
tbs  son,  and  the  satellites  about  their  primaries,  as  their  only  centres  of 
ittraolion.  So  hr  from  it,  his  extraordinary  sagacity  enabled  him  to  per^- 
cehe  very  distinctly  how  several  of  the  most  important  of  the  lunar 
iaequalities  take  their  origin,  in  this  more  general  way  of  conceiving  the 
tgency  ci  the  attractive  power,  especially  the  retrograde  motion  of  the 
aodea,  and  the  direct  revolution  of  the  apsides  of  her  orbit.  And  if  he 
M  not  extend  his  investigations  to  the  mutual  perturbations  of  the  planets, 
it  was  not  for  want  of  perceiving  that  such  perturbations  muit  exist,  and 
night  go  the  length  of  producing  great  derangements  from  the  actual  state 
of  the  system,  but  was  owing  to  the  then  undeveloped  state  of  the  prac- 
tieil  part  of  astronomy,  which  had  not  yet  attained  the  precision  requisite 
to  make  such  an  attempt  inviting,  or  indeed  feasible.  What  Newton  lef^ 
Q&doDe,  however,  his  successors  have  accomplished ;  and,  at  this  day,  it 
i*  hardly  too  much  to  assert  that  there  is  not  a  single  perturbation,  great 
or  BBudl,  which  observation  has  become  precise  enough  clearly  to  detect 
ud  place  in  evidence,  which  has  not  been  traced  up  to  its  origin  in  the 
nutoal  gravitation  of  the  parts  of  our  system,  and  minutely  accounted 
for,  in  its  numerical  amount  and  value,  by  strict  calculation  on  Newton's 
pnnciples. 

(604.)  Calculations  of  this  nature  require  a  very  high  analysis  for  their 
RUieessfttl  performance,  such  as  is  far  beyond  the  soopt  and  object  of  this 
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work  to  iLtl«nipt  exhibiting.     TLe  reader  wlio  woald  mastiT  them  I 
prepare  himself  for  the  undertakiag  by  an  extensive  oourac  cif  pre] 
tory  Btudy,  aod  must  osceud  by  steps  which  ne  must  not  her 
to  point  out.     It  will  be  our  object,  in  this  chapter,  bovcver,  to  giTB  wme 
geocral  inaight  into  the  nature  aud  rasaner  of  opcratiou  of  the  acting  foiwi, 
ftnd  to  point  out  ivhiit  are  tbe  circumstances  which,  in  some  cases,  give  them 
&  high  degree  of  efficiency — a  sort  of  jiunhast  on  the  balance  of  lbs  sj* 
tcm ;  irbile,  in  others,  nith  no  less  amount  of  intentiity,  their  efTectin 
agency  in  producing  extcnsire  irnd  lasting  changes  is  conipeosnted  or  ttn-       I 
dered  abortive ;  as  well  as  to  explain  the  nature  of  those  admirable  roultc      I 
respecting  tbe  Blabiiity  of  bur  sjsl«m,  to  which  the  researches  of  geoin*      'l| 
tera  have  conducted  them ;  and  which,  nnder  tie  fonn  of  mntlietaaticil 
theorems  of  great  simplicity  aud  elegance,  involve  the  history  of  tbe  pari 
and  future  state  of  the  planetary  orbits  during  ages,  of  which,  couttm- 
plaling  tbe  subject  in  tbie  point  of  view,  wo  neither  perceive  the  bcpn- 
BiDg  nor  tbe  end. 

(605.)  Were  there  no  other  bodies  in  the  nnivcrse  but  the  sun  and  one 
planet,  the  latter  would  describe  an  exact  ellipse  about  the  former  (or  both 
round  their  common  centre  of  gravity),  and  continue  to  perform  its  revo- 
latioos  in  one  and  the  same  orbit  for  ever ;  but  the  moment  we  add  to 
our  comhinatioD  a  third  body,  the  attraction  of  this  will  draw  both  th« 
former  bodies  out  of  their  mutual  orbits,  and,  by  acting  on  them  no- 
etjually,  will  Jifturb  their  u'lalion  (o  each  other,  and  put  an  end  lo  the 
ngoroua  and  mathematical  exnetness  of  their  elliptic  motions,  not  only 
about  a  fixed  point  in  space,  but  about  one  another.  From  this  way  of 
propounding  tbe  subject,  we  see  that  it  i^  not  the  whole  attraction  of  tbe 
newly-introduced  body  which  prodnecs  perturbation,  but  Che  difference  of 
its  attractions  oo  the  two  origioally  present. 

(600.)  Compared  to  the  sun,  all  the  planets  are  of  citrerae  minut«ness; 
the  mass  of  Jupiter,  the  greatest  of  them  all,  being  not  more  than  about 
one  llOOtb  part  that  of  the  sun.  I'hcir  attractions  on  each  other,  there- 
fore, are  all  very  feeble,  compared  with  the  presiding  central  power,  and 
the  effects  of  their  disturbing  forces  are  proportionally  minute.  In  the 
cose  of  the  secondaries,  tbe  chief  agent  by  which  their  motions  are 
deranged  is  the  sun  itself,  whose  mass  is  indeed  great,  but  whose  disturb- 
ing influence  is  immensely  diminished  by  their  near  prosimily  to  their 
primaries,  compared  to  their  distances  from  the  sun,  which  renders  the 
difference  of  attractions  on  both  extremely  small,  compared  to  the  whole 
amoaot.  In  this  case  the  .greatest  part  of  the  suo's  attraction,  viz.  that 
which  is  common  to  both,  is  exerted  to  retain  both  primary  and  secondary 
ID  their  common  orbit  about  itself,  and  prevent  their  parting  company. 
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Only  die  small  orerplos  of  force  on  one  as  compared  with  the  other  acta 
Mi distiirbiiig  power.  The  mean  value  of  thia  overplus,  in  the  case  of 
the  moon  disturbed  bj  the  sun,  is  calculated  bj  Newton  to  amount  to 
BO  higher  a  fraction  than  ^-ss^ud  of  gravity  at  the  earth's  surface,  or  y^-g 
of  the  principal  force  which  retains  the  moon  in  its  orbit. 

(607.)  From  this  extreme  minuteness  of  the  intensities  of  the  disturb* 

bf^  compared  to  the  principal  forces,  and  the  consequent  smallness  of 

thdr  mamevUary  effects,  it  happens  that  we  can  estimate  each  of  these 

deets  separately,  as  if  the  others  d^d  not  take  place,  without  fear  of 

isdufling  error  in  our  conclusions  beyond  the  limits  necessarily  incident 

to  a  first  approximation.     It  is  a  principle  in  mechanics,  immediately 

lowing  from  the  primary  relations  between  forces  and  the  motions  they 

produce,  that  when  a  number  of  very  minute  forces  act  at  once  on  a 

i^m,  their  joint  effect  is  the  sum  or  aggregate  of  their  separate  effects, 

at  least  within  such  limits,  that  the  original  relation  of  the  parts  of  the 

ijstem  shall  not  have  been  materially  changed  by  th^ir  action.     Such 

eftcts  supervening  on  the  greater  movements  due  to  the  action  of  the 

piimary  forces  may  be   compared  to  the  small  ripplings  caused   by  a 

thousand  varying  breezes  on  the  broad  and  regular  swell  of  a  deep  and 

loUing  ocean,  which  run  on  as  if  the  surface  were  a  plane,  and  cross  in  all 

directions  without  interfering,  each  as  if  the  other  had  no  existence.     It 

if  only  when  their  effects  become  accumulated  in  lapse  of  time,  so  as  to 

alter  the  primary  relations  or  data  of  the  system,  that  it  becomes  neces- 

suy  to  have  especial  regard  to  the  changes  correspondingly  introduced 

into  the  estimation  of  their  momentary  efficiency,  by  which  the  rate  of  the 

subsequent  changes  is  affected,  and  periods  or  cycles  of  immense  length 

take  their  origin.     From  this  consideration  arise  some  of  the  most  curious 

theories  of  physical  astronomy. 

(608.)  Hence  it  is  evident,  that  in  estimating  the  disturbing  influence 
of  several  bodies  forming  a  system,  in  which  one  has  a  remarkable  pre- 
ponderance over  all  the  rest,  we  need  not  embarrass  ourselves  with  combi- 
nations of  the  disturbing  powers  one  among  another,  unless  where 
immensely  long  periods  are  concerned }  such  as  consist  of  many  hundreds 
of  revolutions  of  the  bodies  in  question  about  their  common  centre.  So 
that,  in  effect,  so  far  as  we  propose  to  go  into  its  consideration,  the 
problem  of  the  investigation  of  the  perturbations  of  a  system,  however 
numerous,  constituted  as  ours  is,  reduces  itself  to  that  of  a  system  of  three 
bodies:  a  predominant  central  body,  a  disturbing,  and  a  disturbed;  the 
two  latter  of  which  may  exchange  denominations,  according  as  the  motions 
of  the  one  or  the  other  are  the  subject  of  inquiry. 

(609.)  Both  the  intensity  and  direction  of  the  disturbing  force  are 
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oootiimally  Turying,  ncooniing  to  the  relative  situftlion  of  the  dJstuitl 
>Dd  dislurbod  body  witL  respeet  to  the  sun.  If  the  mtraction  of  lh«4 
torbing  body  M,  on  the  ccotral  body  S,  ond  the  disturbs  body  P,  { 
whieli  dMignatioQB,  for  brevity,  ne  shall  liercafl«r  indioate  them,)« 
equul,  and  acted  in  pjirallel  hnea,  whatever  might  otherwise  be  its  li 
T»riiitioii.  there  would  be  no  deviation  caused  in  the  elliptJo  molioQ 
nbout  S,  or  of  each  about  tbe  other.  The  case  would  be  slriutlj  tItUtf  ' 
art.  464 ;  the  attraction  of  M,  bo  circumataDccd,  being  ftt  every  tuonMOl 
enmly  analogous  in  its  effects  to  t<)rrcetrial  gravity,  which  acta  in  panM  i 
Uses,  and  is  cqnally  I'nlettKe  on  sU  bodies,  grcut  and  small.  But  tlua  il 
not  the  case  of  nature.  Whatever  is  stal(;d  in  the  subsetjutiDt  artidt  t« 
tbat  lust  cited,  of  the  disturbing  effect  of  the  aun  and  moon,  Is,  ninfilH 
mtiUiudii,  oppltcahle  to  every  case  of  perturbation;  and  il  must  he  oa* 
onr  business  to  enter,  aomewbat  more  in  detail,  into  tbe  general  bcada  of 
the  subject  there  merely  hinted  at. 

(610,)  To  obtain  clear  ideas  of  the  manner  in  which  the  disturbing 
tone  produces  its  various  effects,  wo  must  ascertain  at  any  given  tnomenl, 
and  in  any  relative  situations  of  the  three  bodica,  its  direction  and  inten- 
sitj  as  compared  with  the  gravitation  of  P  towards  S,  in  virtue  of  which 
latter  force  alone  P  would  describe  an  ellipse  about  S  regarded  as  filed, 
or  ralber  P  and  S  about  their  common  centre  of  gravity  in  virtue  of  ihetr 
mulnal  pravilulion  to  each  other.  In  the  treatment  of  the  prohlem  of 
three  bodies,  it  is  convenient,  and  tends  to  etearness  of  apprehension,  to 
regard  one  of  tbcm  as  fixed,  and  refer  the  motions  of  tho  others  to  it  as 
to  a  relative  centre.  In  the  case  of  two  planets  disturbing  each  other's 
motions,  the  sun  is  naturally  chosen  as  this  fixed  centre;  but  in  that  of 
satellites  disturhin'g  each  other,  or  disturbed  hy  the  sun,  the  centre  of 
their  primary  is  taken  as  their  point  of  reference,  and  the  sun  itself  is 
regarded  in  tbe  light  of  a  very  distant  and  massive  satellite  revolving 
about  the  primary  in  a  rrhlipe  orbit,  equal  and  similar  to  tbat  which  the 
primary  describes  nhtiiluu}i/  round  the  suu.  Tbns  the  generality  of  onr 
language  is  preserved,  and  when,  referring  to  any  particular  central  body, 
we  epoak  of  an  exterior  and  an  interior  planet,  we  include  the  cases  in 
which  the  fonaer  is  the  sun  and  the  latter  a  satellite ;  as,  for  example,  in 
the  Lunar  theory.  It  is  a  principle  in  dynamics,  that  the  relative  motions 
of  a  system  of  bodies  ijiler  sc  are  no  way  altered  by  impressing  on  all  of 
them  a  common  motion  or  motions,  or  a  common  force  or  forces  aecelerv 
ting  or  retarding  them  all  equrily  in  common  directions,  i.  e.  in  parallel 
lines.  Suppose,  therefore,  we  apply  to  all  the  three  bodies,  S,  P,  and  M, 
alike,  forces  equal  to  those  with  which  M  and  P  attract  S,  but  in  opposite 
directions.     Then  will  ike  relative  motions  both  of  M  and  P  nbtint  S  be 
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iiltered:;  bat  8,  bdng  now  urged  by  equal  and  opposite  forces  iq  and 
MNB  boih  H  and  P^  will  remain  at  rest.  I^et  vs  now  consider  how  either 
tibe  other  bodies^  m  P,  stands  af^ted  bj  these  newly-introduoed  foroes^ 
I  ndditioB  to  thosB  which  before  acted  on  it.  It  is  dear  Uiat  now  P  will 
•  flimaltaneoasly  acted  on  bj  four  forces ;  firstly,  the  attraction  of  Sin 
Im  diroction  PS;  secondly,  an  additional  force,  in  the  same  direction, 
qpial  to  its  atlnMstioii  on  8 ;  thirdly,  the  attraction  o/  M  in  the  directioa 
*M ;  and  fbortUy,  a  force  parallel  to  M  S,  and  equal  to  M's  attraction 
ii  8.  Of  these,  the  two  first,  following  the  same  law  of  the  inverse 
ffmte  of  the  daslaBoe  B  P,  may  be  regarded  as  one  force,  precisely  as  if 
bt  anm  of  the  aaasKs  of  S  and  P  were  collected  in  S ;  and  in  virtue  of 
hehr  jomt  action,  P  will  describe  an  ellipse  about  S,  except  in  so  far  as 
hat  elliptic  modon  is  disturbed  by  i\^  other  two  forces.  Thus  we  see 
hat  in  this  view  of  the  aubjoct  the  rekuive  disturbing  force  acting  on  P 
I  DO  longer  the  mere  aingle  attraction  of  M,  but  a  force  resulting  from 
Im  composition  of  that  attraction  with  M's  attraction  on  S  transferred  to 
Mn  a  contrary  direction. 

<611.)  Let  CP  A  be  part  of  the  rektive  orbit  of  the  disturbed,  and  M  B 
f  the  disturbing  body,  their  planes  intersecting  in  die  line  of  nodes  SAB, 


nd  having  to  each  other  the  indinadon  expressed  by  the  spherical  angle 
>  Aa.  In  M  P,  produced  if  required,  take  M  N  :  M  S  : :  M  S« :  M  P. 
ilien,  if  S  M*  be  taken  to  represent,  in  qqandty  and  direodon,  the  accele- 

*  The  reader  will  be  careful  to  obeerve  the  order  of  tiie  letten,  where  forces  are 
lyniODted  by  hoes.  M  S  lepreeenta  a  force  aetiii«  fioai  M  towaide  S,  S  M  from  S 
iwtrdeM. 
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mlive  attraction  of  M  on  S,  H  S  will  represent  in  quantity  and  dim 
the  QE«  force  spplied  to  P,  p«ra!lel  to  that  line,  and  N  M  will  rrpi* 
on  Iho  same  scale  the  aeoelerntive  attraction  of  M  on  P.  Ci"i«K]Uial 
-  the  disturbing  force  acting  on  P  will  be  the  resultant  of  two  forces  apfi 
%.t  P,  represented  respectively  by  N  M  and  M  S,  which  by  the  lawl 
dynamics  are  equivalent  to  a  single  force  represented  in  yuan 
dirfflimi  by  N  8,  btd  having  V  for  iU  point  nf  oppJientioii. 

(fil2,)  The  line  N  S,  is  easily  caleulated  by  trigonometry,  when  I 

Mlative  gituatton«  and  real  distances  of  the  bodies  are  biiowu ;  and  I 

JoTf  expressed  by  that  Hue  ia  directly  comparable  with  tbo  atttsd 

'  iiroc§  of  S  on  P  by  the  following  proportions,  in  which  M,  S,  rcpra 

!  masses  of  those  bodies  which  are  supposed  to  be  known,  and  lo  nU 
•t  equal  distances,  their  attractions  are  proportional : — 

Disturbing  force  :  M's  attraction  on  S  : :  N  8  ;  S  M ; 

Ill's  attraction  on  S  :  S's  attmotion  on  M  : :  M  :  3 ; 

S's  attractjon  on  M  :  S's  attraction  on  P  ; :  S  P* :  S  M'  :  by  o 
pounding  wliich  proportions  wo  collect  as  follows  ; — 

Disturbing  force  :  S's  attraction  on  P  : :  M  .  N  S  .  S  P*  :  S  .  S  M' 

A  few  numerical  eiaroples  arc  subjoined,  exhibiting  the  resnits  of  it 
calculation  in  particular  cases,  ebofien  so  as  to  exemplify  its  applici 
under  very  various  circumstances,  throughout  the  planetary  sysleni. 
each  case  the  nucnbers  set  down  express  the  proportion  in  which  the  cen 
force  retaining  the  disturbed  body  in  its  elliptic  orbit  exceeds  the  dislnrb- 
ing  force,  to  the  nearest  whole  number.  The  calculation  is  made  for  thrw 
positions  of  the  disturbing  body — vii.  at  its  greatest,  its  least,  and  itf  tutU 
distance  from  the  disturbed. 


DirtarMngbodT- 

DWurbedbdi. 

(T«u>>tdl.u»e 

Si£^ 

leMldSiu- 

9iBS3 

67*10 
Hi 
81S3 

312 
147575 
210245 
Se5tt2 
S2B 
B937 
2U79 

R9 

632fiS 
£<!!.13 
6SI9 

103J 

The  KMlh  

The  Enrlb  

(613.)  If  the  orbit  of  the  disturbing  body  be  circular,  S  M  is  invariable- 
ID  this  case,  N  3  will  continue  to  represent  the  disturbing  force  on  i* 
tame  invariable  teale,  whatever  nay  be  the  conGguritioQ  of  the  thttt 
bodies  with  respect  to  each  other.    If  the  orbit  of  M  be  but  litUe  elliptii^ 
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he  same  will  be  Deariy  the  case.  In  what  follows  throdghoiit  ibis  chapter, 
IKoept  where  the  oontrary  is  expressly  mentioned,  we  shall  neglect  the 
IpDentrioity  of  the  disturbing  orbit. 

k(614.)  If  P  be  nearer  to  M  than  S  is,  M  N  is  greater  than  M  P,  and 
lies  in  M  P  prolonged,  and  therefore  on  the  opposite  side  of  the  plane 
iC  Tfn  orbit  from  that  on  which  M  is  situated.  The  force  N  S  therefore 
Wges  P  towards  M's  plane,  and  towards  a  point  X,  situated  between  S 
nd  M,  in  the  line  S  M.  If  the  distance  M  P  be  equal  to  M  S  as  when 
P  b  situated,  suppose,  at  D  or  £,  M  N  is  also  equal  to  M  P  or  M  S,  so 

fit  N  coincides  with  P,  and  therefore  X  with  S,  the  disturbing  forces  being 
these  cases  directed  towards  the  central  body.  But  if  M  P  be  greater 
iliaii  MS,  M  N  is  less  than  M  P,  and  N  lies  between  M  and  P,  or  on  the 
iHiie  side  of  the  plane  of  P's  orbit  that  M  is  situated  on.  The  force  N 
S^  therefore,  applied  at  P,  urges  P  towards  the  contrary  side  of  that  plane 
towards  a  point  in  the  line  M  S  produced,  so  that  X  now  shifts  to  the 
fvther  side  of  S.  -In  all  cases,  the  disturbing  force  is  wholly  effectiye  in 
iht  plane  M  P  S,  in  which  the  three  bodies  lie. 

Fig.  77. 


It  is  Tery  important  f<nr  the  student  to  fix  distinctly  and  bear  constantly 
in  his  mind  these  relations  of  the  disturbing  agency  oonndered  as  a  nngh 
wnretoLved  farce^  since  their  recollection  will  preserve  him  from  ma^ 
mistakes  in  conceiving  the  mutual  actions  of  the  planed,  &c.  on  eaff 
otfier.  For  example,  in  the  figures  here  referred  to,  that  of  Art  611 
OQvresponds  to  the  case  of  a  nearer  disturbed  by  a  more  distant  body,  as 
tiie  esAth  by  Jupiter,  or  the  moon  by  the  Sun;  and  that  of  the  present 
article  to  the  converse  case :  as,  for  instance,  of  Man  disturbed  by  the 
ewth.    Now,  in  this  latter  class  of  oases,  whenever  M  P  is  greater  than 
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in  the  plane  of  tbe  orbit,  not  in  the  direction  wn  kR 

|ial  and  transversal,  i.  e.  in  that  of  Ibe  radius  Tector  PS  d 

it,  bat  in  tbc  direction  of  a  tangent  to  the  citntUP, 

normal  to  tbe  curve,  and  at  rigbt  angtca  to  tbe  tu^ 

1  these   componeate   ma;  be   called    tbe   taftymtuii  wi 

Iturbiug  forces.     'Wbca  the  orbit  of  the  disturbed  bodyitor 

arly  so,  this  mode  of  reaolutiun  coincides  with  or  diSen  id 

;  former,  but,  when  the  eiliplicity  is   considcmble,  dm 

pay  deviate  from  tbc  radial  and  trsnavcrsal  directions  to  Wf 

I  tbe  Newtuuiau  mode  of  resolution,  the  effect  of  tbeoi 

i  wholly  upon  the  approach  and  recess  of  the  bodjPli 

I  body  S,  aod  of  tbe  other  nbolly  on  tbe  rate  of  descripiiwtf 

f,  so  in  this  trbich  ive  are  now  considering,  the  dirMi 

I  one  component  (the  noriaii)  falls  wholly  on  the  curvataretiAt 

\  point  of  its  actioa,  increasing  that  curvatore  when  the  norail 

kwarda,  or  towards  tbe  concavity  of  the  orhit,  and  dimiiiishia| 

Ithc  opposite  direction ;  while,  on  the  other  band,  the  tangMiil 

i  directly  effective  on  tbe  velocity  of  the  disturbed  body,  ifr 

diminishing  it  according  as  its  direction  conspires  wiih  s 

■  raotioB.     It  is  evident  enough  that  where  tbe  object  is  to  ini* 

Ichanges  produced  by  the  disturbing  force,  in  angle  and  diiim^ 
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n  nsdistcirbed  orbit  G  P.  Then  at  P  it  would  bo  moving  in  tbe  direotion 
tf  a  tangent  P  R  to  the  ellipse  P  A,  which  prolonged  will  intersect  the 
(Ime  of  M'b  orbit  somewhere  in  the  line  of  nodes,  as  at  R.  Now,  at  P, 
kkthe  disturbing  force  parallel  to  N  Q  act  momentarily  on  P;  then  P 
liU  be  deflected  in  the  direction  of  that  force,  and  instead  of  the  arc  P^, 
vhich  it  woold  have  described  in  the  next  instant  if  undisturbed,  will 
deKribe  the  arc  P  ^  lying  in  the  state  of  things  represented  in  Art.  611^ 
bdow,  and  in  Art.  614,  above,  Fp  with  reference  to  the  plane  PSA. 
Thus,  by  this  action  of  the  disturbing  force,  the  plane  of  P's  orbit  will 
kve shifted  its  position  in  space  from  TSp  (an  elementary  portion  of 
tbe  old  orbit)  to  P  S  ^,  one  of  the  new.  Now  the  lines  of  nodes  SAB 
m  tbe  former  is  determined  by  prolonging  Pp  into  the  tangent  PB, 
lafeenecting  the  plane  M  S  B  in  R,  and  joining  S  R.  And  in  like  manner, 
if  we  prolong  P  q  into  the  tangent  P  r,  meeting  the  same  plane  in  r,  and 
joia  S  r,  this  will  be  the  new  line  of  nodes.  Thus  we  see  that,  under  the 
oinamstances  expressed  in  the  former  figure,  the  momentary  action  of  the 
oidiogonal  disturbing  force  will  have  caused  the  line  of  nodes  to  retro- 
grade upon  the  plane  of  the  orbit  of  the  disturbing  body,  and  under 
thoie  represented  in  the  latter  to  advance.  And  it  is  evident  that  the 
aetion  of  the  other  resolved  portions  of  the  disturbing  force  will  not  in 
Ik  least  interfere  with  this  result,  for  neither  of  them  tends  either  to 
emy  P  out  of  its  former  plane  of  motion,  or  to  prevent  its  quitting  it. 
Tlieir  influence  would  merely  go  to  transfer  the  points  of  intersection  of 
the  tangents  P  |>  or  P  ^  from  R  or  r  to  R'  or  r',  points  nearer  to  or  fiu:- 
tber  from  S  than  R  r,  but  in  the  same  lines. 

(621.)  Supposing,  now,  M  to  lie  to  the  left  instead  of  the  right  side 
of  the  line  of  nodes  in  fig.  1.,  P  retaining  its  situation,  and  M  P  being 
IflH  than  M  S,  so  that  X  shall  still  lie  between  M  and  S.  In  this  situation 
of  things  (or  configuration,  as  it  is  termed  of  the  three  bodies  with 
reqwct  to  each  other,)  N  vrill  lie  bdow  the  plane  ASP,  and  the  disturb- 
ing force  will  tend  to  raise  the  body  P  above  the  plane,  the  resolved 
irthogonal  portion  N  Q  in  this  case  acting  upwards.  The  disturbed  arc 
?q  will  therefore  lie  above  Tp,  and  when  prolonged  to  meet  the  plane 
USB,  will  intersect  it  in  a  point  in  advance  of  R;  so  that  in  this  oon- 
igiuiitioo  the  node  will  advance  upon  the  plane  of  the  orbit  of  M,  pro- 
ided  always  that  the  latter  orbit  remains  fixed,  or,  at  least,  does  not  itself 
liift  its  position  in  such  a  direction  as  to  defeat  this  result. 

(622.)  Generally  speaking,  the  node  of  tbe  disturbed  orbit  will  recede 

jKNi  an^  plane  ichtch  tee  maj/  consider  as  fixed,  whenever  the  action  of 

he  orthogonal  disturbing  force  tends  to  bring  the  disturbed  body  nearer 

0  that  plane :  and  vice  vend.    This  will  be  evident  on  a  mere  iospection 

22 
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led  figure,  ia  wbicb  C  A  represents  a  Bcmicirele  of  the  p<^ 
fixed  plane  ns  seen  from  S  on  ttie  apLere  of  the  faeaventi,  ud 

ction  of  the  arraw,  from  C  the  axcendiiig,  to  A  the  deswoi 
It  is  at  once  eeen,  by  prolonging  P  ;,  P  ^ '  into  arcs  of  p^ 

Fig.  78. 

..^^  — ^^-^^ 

*.      J^                                    H                                           r.   c  > 

,  P  r,  (forwards  or  backwards,  as  the  case  maj  be)  (o  umI 
the  node  will  have  retrograded  through   the  are  Ar,  orCf, 
'  5  lies  between  C  P  A  and  C  A,  or  when  the  pertnrbmg  fm 
wards  the  fixed  pkne,  but  will  have  advanced  tbroQgb  Ar'o 
'  y'  lies  above  C  P  A,  or  when  the  disturbing  impnlse  h» 
ove  its  old  orbit  or  away  from  the  fiscd  plane,  an4  thit  >nA- 
ferenee  to  Khethrr  the  undisturhcd  orbituat  mottwi  o     ¥  atii 
tarrying  it  toirards  the  plant  C  A  or  from   it,  as  in  the  Or* 
senled  in  the  figure. 
lei.  us  now  consider  the  mutual  disturbance  of  two  bodice  H 

MOTION  OF  THE  KODBS. 


889 


lM>tih  jbodies  are  on  tl)e  same  side  of  the  line  of  nodes,  and  recede  when 
on  the  opposite.     They  will,  therefore,  on  an  average,  advance  and  recede 
daring  equal  times  (supposing  the  orbits  nearly  circular).    And,  there- 
fore, if  their  advance  were  at  each  instant  of  its  duration  equally  rapid 
with  their  recess  at  each  corresponding  instant  during  that  phase  of  the 
movement,  they  would  merely  oscillate  to  and  firo  about  a  mean  position, 
without  any  permanent  motion  in  either  direction.     But  this  is  not  the 
ease.     The  rapidity  of  their  recess  in  every  position  favourable  to  recess 
is  greater  than  that  of  their  advance  in  the  corresponding  opposite  posi- 
tion.   To  show  this,  let  us  consider  any  two  configurations  in  which  M's 


Fig.  79. 


pbases  are  diametrically  oppd&ite,  so  that  the,  triangles  P  S  M,  P  S  M', 
shall  lie  in  one  plane,  having  any  inclination  to  Ps  orbit,  according  to  the 
situation  of  P.     Produce  P  S,  and  draw  M  m,  MW  perpendicular  to  it, 
which  will  therefore  be  equal.    Take  MN:MS::MS»:  MP,  and 
M'  If  :  M'  S  : :  M'  8« :  M' P:  then,  if  the  orbits  be  neariy  wrcles,  and 
therefore  M  8  =  M'  S,  N'  M'  will  be  less  than  M  N ;   and  therefore 
(since  P  M'  is  greater  than  P  M)  P  N' :  P  M'  in  a  greater  ratio  than 
P  N  :  P  M ;  and  consequently,  by  similar  triangles,  drawing  N  n,  N'  n 
perpendicular  to  P  S,  N'  n'  :  M'  m  in  a  greater  ratio  than  N  n  :  M  m,  and 
therefore  N'  n'  is  greater  than  N  n.    Now  the  plane  P  M  M'  intersects 
Ps  orbit  in  P  S,  and  being  inclined  to  that  orbit  at  the  same  angle 
through  its  whole  extent,  if  from  N  and  N'  perpendiculars  be  conceived 
let  fall  on  that  orbit,  these  will  be  to  each  other  in  the  proportion  of  N  n, 
N'  ft!  ;  and  therefore  the  perpendicular  from  N'  will  be  greater  than  that 
from  N.    Now  since  by  art.  611  N'  S  and  N  S  represent  in  quantity  and 
direction  the  total  disturbing  forces  of  M'  and  M  on  P  respectively,  there- 
fore these  perpendiculars  express  (art  616)  the  orthogonal  diataibiqg 
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nill  be  reversed,  yet  the  effect  of  this  will  be  much  more  than  coimter- 
bilanoed  bj  the  more  eoergetio  and  more  prolonged  retrograde  aodon  oyer 
dBj  and,  therefore,  in  this  case  also,  on  the  average  of  every  possible 
■Uaation  of  M,  the  motion  of  the  node  vrill  be  retrograde. 

.  (627.)  Let  OS  lastly  consider  an  interior  planet  disturbed  by  %n  exte- 
tbr.  Take  M D  and  ME  (fig.  of  art.  611.)  each  equal  to  M S.  Then 
flnty  when  P  is  between  D  and  the  node  A,  being  nearer  than  S  to  M, 
ibe  disturbing  force  acts  towards  M's  orbit  on  the  side  on  which  M  lies, 
«nd  the  node  recedes.  It  also  recedes  when  (M  retaining  the  same  situa- 
tion) P  is  in  any  part  of  the  arc  E  C  from  E  to  the  other  node,  because 
in  that  situation  the  direction  of  the  disturbing  force,  it  is  true,  is  re- 
fersed,  but  that  portion  of  Ps  orbit  being  also  reversely  situated  with 
Inspect  to  the  plane  of  M's,  P  is  still  urged  towards  the  latter  plane,  but 
on  the  side  opposite  to  M.  Thus,  (M  holding  its  place)  whenever  P  is 
anywhere  in  D  A  or  E  C,  the  node  recedes.  On  the  other  hand,  it  ad- 
mnoes  whenever  P  is  between  A  and  E  or  between  C  and  D,  because,  in 
these  arcs,  only  one  of  the  two  determining  elements  (viz.  the  direction 
of*tihe  disturbing  force  with  respect  to  the  plane  of  P's  orbit;  and  the 
ritnation  of  the  one  plane  with  respect  jto  the  other  as  to  above  and  be- 
Ivir)  has  undergone  reversal.  Now  first,  whenever  M  is  anywhere  but  in 
dM  line  of  nodes,  the  sum  of  the  arcs  DA  and  E  C  exceeds  a  semicircle, 
and  that  the  more,  the  nearer  M  is  to  a  position  at  right  angles  to  the 
fine  ci  nodes.  Secondly,  the  arcs  favourable  to  the  recess  of  the  node 
aonprehend  those  situations  in  which  the  orthogonal  disturbing  force  is 
most  powerful,  and  vice  vend.  This  is  evident,  because  as  P  i^proaches 
D  or  E,  this  component  decreases,  and  vanishes  at  those  pcmits  (^12.) 
The  movement  of  the  node  itself  also  vanishes  when  P  comes  to  the 
node,  for  although  in  this  position  the  disturbing  orthogonal  force  neither 
Tmnishes  nor  changes  its  direction,  yet,  since  at  the  instant  of  P's  pasnng 
the  node  (A)  the  recess  of  the  node  is  changed  into  an  advance,  it  must 
necessarily  at  that  point  be  stationary.*  Owing  to  both  these  causes, 
therefore,  (that  the  mode  recedes  during  a  longer  time  than  it  advanoes, 
snd  that  a  more  energetic  force  acting  in  its  recess  causes  it  to,  recede 
more  rapidly,)  the  retrograde  motion  will  preponderate  on  the  whole  in 
each  complete  synodic  revolution  of  P.  And  it  is  evident  that  the  rea^ 
Boning  of  this  and  the  foregoing  articles,  is  no  way  vitiated  by  a  moderate 
amount  of  ezcentricity  in  either  orbit 

It  would  leem,  at  first'  tight,  as  if  a  change  per  §aUum  took  place  here,  but  the 
continuity  of  the  node's  motion  will  be  apparent  from  an  inspection  of  the  annexed 
figure,  where  had'wm  portion  of  P*s  disturbed  path  near  the  node  A,  ooncaTO  towarda 
the  plane  G  A.    The  momentary  place  of  (he  moving  node  ia  determined  by  the  inter- 
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bitersect  each  other  in  a  common  node.  Although  perfeotlj  trae,  there-  • 
Bsre,  that  the  node  of  any  one  planet  would  recede  on  the  orbit  of  any  and 
mch  other  by  the  individual  action  of  that  other,  yet,  when  all  act  to- 
gether, recess  on  one  plane  may  be  equivalent  to  advance  on  another,  so 
duit  the  motion  of  the  node  of  any  one  orbit  on  a  given  plane,  arising  from 
tbeir  joint  action,  taking  into  account  the  different  situations  of  all  the 
|danes,  becomes  a  curiously  complicated  phsenomenon  whose  law  cannot 
he  very  easily  expressed  in  words,  though  reducible  to  strict  numerical 
pftatement,  being,  in  fact,  a  mere  geometrical  result  of  what  is  above 
■hown. 

(630.)  The  nodes  of  all  the  planetary  orbits  on  the  trtte  ecliptic,  as  a 
matter  of  fact,  are  retrograde,  though  they  are  not  all  so  on  a  fixed  plane, 
tuch  as  we  may  conceive  to  exist  in  the  planetary  system,  and  to  be  a 
plane  of  reference  unaffected  by  their  mutual  disturbances.  It  is,  how- 
erer,  to  the  ecliptic,  that  we  are  under  the  necessity  of  referring  their 
movements  fron^  our  station  in  the  system ;  And  if  we  would  transfer  our 
ideas  to  a  fixed  plane/  it  becomes  necessary  to  take  account  of  the  varia- 
tiAi  of  the  ecliptic  itself,  produced  by  the  joint  action  of  all  the  planets. 

(631.)  Owing  to  the  smallncss  of  the  masses  of  the  planets,  and  their 
great  distances  from  each  other,  the  revolutions  of  their  nodes  are  exces- 
AtbIj  slow,  being  in  every  case  less  than  a  single  degree  per  century,  and 
in  most  cases  not  amounting  to  half  that  quantity.  It  is  otherwise  with 
the  mopn,  and  that  owing  to  two  distinct  reasons.  First,  that  the  disturb- 
ing force  itself  arising  from  the  sun's  action,  (as  appears  from  the  table 
given  in  art.  612,)  bears  a  much  larger  proportion  to  the  earth's  central 
Attraction  on  the  moon  than  in  the  case  of  any  planet  disturbed  by  any 
other.  And  secondly,  because  the  synodic  revolution  of  the  moon, 
within  which  the  average  is  struck  >(and  always  on  the  side  of  recess),  is 
only  29}  days,  a  period  much  shorter  than  that  of  any  of  the  planets, 
Kod  vastly  so  than  that  of  several  anjong  them.  All  this  is  agreeable  to 
wbot  has  already  been  stated  (art.  407,  408,)  respecting  the  motion  of  tho 
moon's  nodes,  and  it  is  hardly  necessary  to  mention  that,  when  calculated, 
B8  it  has  been,  d  priori,  from  an  exact  estimation  of  all  the  acting  forces, 
the  result  is  found  to  coincide  with  perfect  precision  with  that  immediately 
derived  from  observation,  so  that  not  a  doubt  can  subsist  as  to  this  being 
the  real  process  by  which  so  remarkable  an  effect  is  produced. 

(632.)  So  far  as  the  physical  condition  of  each  planet  is  concerned,  it 
18  evident  that  the  position  of  their  nodes  can  be  of  little  importance.  It 
18  otherwise  with  the  mutual  inclinations  of  tbeir  orbite  with  respect  to 
each  other,  and  to  the  equator  of  each.  A  variation  in  the  position  of  the 
ecliptic,  for  instance,  by  which  its  pole  should  shift  its  distance  fiom  the 


OniLISES    OF   ASTHOirOMY. 

equator,  would  dUlurb  onr  Bfiasons.     Slionld  the  pUne  of  ik 
s,  for  instance,  ever  be  so  cUaagcd  ne  to  bring  the  ecliptic  K 
lii  the  equator,  we  sbould  have  pcrpctud  epriug  over  ill  tii 
1  on  the  other  hand,  ehould  it  coincide  with  a  iiipri<H»ii,  At 
f  aurnwer  and  winter  would  hecotne  intolerable.     The  inqiii?, 
e  variations  of  inclioatioD  of  the  planetary  orbits  inter  m,m 
eh  higher  practical  interest  liaa  those  of  their  nodes. 
Kcfcrring  to  the  figures  of  art.  610,  cT  leq.,  it  i»  crident  lU 
3  1*5,  in  which  the  disturbed  body  mores  during  un  inattutf 

,  from  the  origiuil  or  undisturbed  plane  P  Sp.  The  diff:i« 
position  of  these  two  pknea  in  spnce  is  the  angle  belvKn  ih 
11  Dud  PS/-,  and  ia  therefore  culcubblo  by  epberical  trigo* 

en  the  angle  R  S  r  or  the  raoraentaiy  recess  of  the  iio4e  i 
1  qUo  the  inclination  of  the  planca  of  the  orbita  to  «*ch  oAn 

omentarj  recess  of  the  node,  there  exists  an  intimate  rebiw. 
0  research  of  the  one  is  in  fact  bound  up  in  that  of  the  o«fc« 
>c,  perliups,  made  clearer,  by  considering  the  orbit  of  P  b  k 
an  imaginary  line,  but  an  actual  circle  or  clliptii;  hoop  of  *m 

rial,  without  inertia,  on  which,  na  on  a  wire,  the  body  Prnj 
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arc  P  Q  lies  between  the  planes  C  A  and  C  G  A  of  the  iwo  orbits,  and 
vice  versd,  indifferently  whether  P  be  in  the  act  of  receding  from  the 
plane  C  A,  as  in  the  quadrant  C  G,  or  of  approaching  to  it,  as  in  G  A, 
yet  the  same  identity  as  to  the  character  of  the  change  does  not  subsist 
in  respect  of  the  inclination.  The  inclination  of  the  disturbed  orbit  (i,  e,  ^ 
*  of  its  momentary  element)  Pj  or  Pj',  is  measured  by  the  spherical  angle 
Pr  H  or  P r'  H.  Now  in  the  quadrant  C  G,  P  r  H  is  less,  and  P  r'  H 
greater  than  P  C  H;  but  in  G  A,  the  converse.  Hence  this  rule : — Ist, 
If  the  disturbing  force  urge  P  towards  the  plane  of  M's  orbit,  and  the 
Widisturbed  motion  of  P  carry  it  also  towards  that  plane ;  and  2dly,  if  the 
disturbing  force  urge  P  from  that  plane,  while  Ps  undisturbed  motion  also 
oarries  it  from  it,  in  either  case  the  inclination  momentarily  increases ;  but 
if,  Sdly,  the  disturbing  force  act  to,  and  Ps  motion  carry  it  from — or  if 
the  force  act  from,  and  the  motion  carry  it  to,  that  plane,  the  inclination 
momentarily  diminishes.  Or  (including  all  the  cases  under  one  alternative) 
if  the  action  of  the  disturbing  force  and  the  undisturbed  motion  of  P  with 
reference  to  the  plane  of  M's  orbit  be  of  the  same  character,  the  inclim^ 
tion  increases ;  if  of  oontrary  characters,  it  diminishes. 

(636.)  To  pass  from  the  momentary  changes  which  take  place  in  the 
lelations  of  nature  to  the  accumulated  effects  produced  in  considerable 
Japecs  of  time  by  the  continued  action  of  the  same  causes,  under  circum- 
stances varied  by  these  very  effects,  is  the  business  of  the  integral  calculus. 
Without  going  into  any  calculations,  however,  it  will  be  easy  for  us  to 
demonstrate  from  the  principles  above  laid  down,  the  leading  features  of 
this  part  of  the  planetary  theory,  viz.  the  periodic  nature  of  the  change 
of  the  inclinations  of  two  orbits  to  each  other,  the  re-establishment  of  their 
original  values,  and  the  consequent  oscillation  of  each  plane  about  a  certain 
mean  petition.  As  in  explaining  the  motion  of  the  nodes,  we  will  com- 
mence, as  the  simplest  case,  with  that  of  an  exterior  planet  disturbed  by 
an  interior  one  at  less  than  half  itA. distance  from  the  central  body.  Let 
A  C  A'  be  the  great  circle  of  the  heavens  into  which  M's  orbit  seen  from 
S  is  projected,  extended  into  a  straight  line,  and  AgChA'  the  corre- 
sponding projection  of  the  orbit  of  P  so  seen.  Let  M  occupy  some  fixed 
mtuation,  suppose  in  the  semicircle  A  C,  and  let  P  describe  a  complete 
revolution  from  A  through  gQh  to  A'.  Then  while  it  is  between  A  and 
g  or  in  its  first  quadrant,  its  motion  is  from  the  plane  of  M's  orbit,  and 
at  the  same  time  the  orthogonal  force  acts  from  that  plane :  the  inclina- 
tion, therefore,  (art  635)  increases.  In  the  second  quadrant  the  motion 
of  P  is  tOy  but  the  force  continues  to  act  from,  the  plane,  and  the  inclina- 
tion again  decreases.  A  similar  alternation  takes  place  in  its  course 
through  the  quadrants  CA  and  A  A.     Thus  the  phine  of  P's  orbit  oscil- 
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1  fro  about  its  mean  position  twice  in  each  reTolution  of  P- 
procesa  if  M  held  a  fiiod  position  at  G,  the  forces  bd^ 
ly  aiiko  OD  either  eide,  the  eiteut  of  these  OGcillatioDS  Roold  b> 
ul,  and  the  inclioatioa  at  the  end  of  one  revolution  of  P  tobU 
sely  to  ita  original  value.     But  if  M  be  elsewhere,  this  wSi 
^se,  and  in  a  single  revolution  of  P,  only  a  partial  compeUt 
operated,  aud  an  overplus  on  the  side,  suppose  of  diuiinuti-* 

the  other  Bide,  this  cfToct  will  be  precisely  reversed  (sappoeuf 
circular).  Oa  the  average  of  both  situations,  Uierefore,  tt« 
ic  the  Kauie  as  if  M  were  divided  into  two  equal  portions, « 

and  the  other  at  M',  which  will  annihilate  the  preponJcnw. 

and  effect  a  perfect  restoration.  And  on  an  average  of  ill 
uatious  of  SI,  the  elFect  will  in  like  manner  be  the  same  i»  if 
re  distributed  over  the  whole  circumference  of  its  orbit,  fonBi«| 
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oonfiguration  as  to  operate  an  almost  exact  compensation.  But  in  1 
Tevolution  of  M,  or  13  of  P,  the  node  itself  has  shifted  j^j^  or  about  -^ 
of  a  revolution,  in  a  direction  opposite  to  the  revolutions  of  M  and  P,  so 
that  although  P  has  been  brought  back  to  the  same  configuration  with 
lespect  to  M,  both  are  y^  of  a  revolution  in  advance  of  the  same  configu- 
lAtion  as  respects  the  node.  The  compensation^  therefore,  will  not  be 
•amct,  and  to  make  it  so,  this  process  must  be  gone  through  19  times,  at 
Ihe  end  of  which  both  the  bodies  will  be  restored  to  the  same  relative 
poBition,  not  only  with  respect  to  each  other,  but  to  the  node.  The 
fractional  parts  of  entire  revolutions,  which  in  this  explanation  have  been 
leglected,  are  evidently  no  farther  influential  than  as  rendering  the  com- 
pensation thus  operated  in  a  revolution  of  the  node  slightly  inexact,  and 
tliiiB  giving  rise  to  a  compound  period  of  greater  duration,  at  the  end  of 
which  a /Compensation  almost  mathematically  rigorous,  will  have  been 
•fleeted. 

(639.)  It  is  dear  then,  that  if  the  orbits  be  circles,  the  lapse  of  a  very 
IDoderate  nnmber  of  revolutions  of  the  bodies  will  very  nearly,  and  that 
of  a  revolution  of  the  node  almost  exactly,  bring  about  a  perfect  restora- 
tion of  the  inclinations.  If,  however,  we  suppose  the  orbits  excentric,'it 
is  no  less  evident,  owing  to  the  want  of  symmetry  in  the  distribution  of 
the  forces,  that  a  perfect  compensation  will  not  be  effected  either  in  one 
or  in  any  nnmber  of  revolutions  of  P  and  M,  independent  of  the  motion 
of  the  node  itself,  as  there  will  always  be  some  configuration  more  favour* 
•ble  to  either  an  increase  of  inclination  than  its  opposite  is  unfavourable. 
Thns  will  arise  a  change  of  inclination  which,  were  the  nodes  and  apsides 
of  the  orbits  fixed,  would  be  always  progressive  in  one  direction  nntil 
the  planes  were  brought  to  coincidence.  But,  1st,  half  a  revolution  of 
the  nodes  would  of  itself  reverse  the  direction  of  this  progression  by 
making  the  position  in  question  favour  the  opposite  movement  of  inclim^ 
tion;  aud,  2dly,  the  planetary  apsides  are  themselves  in  motion  with 
vnequal  velocities,  and  thus  the  configuration  whose  influence  destroys 
the  balance,  is,  itself,  always  shifting  its  place  on  the  orbits.  The  varia- 
tions of  inclination  dependent  on  the  excentricities  are  therefore,  like  those 
independent  of  them,  periodical,  and  being,  moreover,  of  an  order  more 
minute  (by  reason  of  the  smallness  of  the  excentricities)  than  the  latter, 
it  is  evident  that  the  total  variation  of  the  planetary  inclinations  must 
fluctuate  within  very  narrow  limits.  (Geometers  have  accordingly  demon- 
strated by  an  accurate  analysis  of  all  the  circumstances,  and  an  exact 
estimation  of  the  acting  forces,  that  such  is  the  case ;  and  this  is  what 
it  meant  by  asserting  the  stability  of  the  planetary  system  as  to  the 
mutual  inclinations  of  its  orbits.    By  the  researches  of  Lagrange  (of 
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whose  analytical  conduot  it  is  impoasiblo  here  to  give  Mijr  idea,)  Al 
foUiiwing  eleguDt  theorem  has  been  demonstrated ;  — 

"  If  the  maa  of  every  planit  br  mulli'jitird  by  the  tqvare  rool  of  At 
major  axis  of  t(t  orbit,  antl  the  prwlvct  by  the  tqtuirf  ofthf  tangrtU  i^ 
il»  inrlinalion  to  a  fixed  jilanr,  ike  mm  of  nil  thrte  jtmdnci*  trill  b«  M*- 
llaiit'y  Ikr.  «(ime  under  the  ivjliimcr  aftkrir  mutual  attraeiion."  If  tb* 
|ircBi;nt  situaljoi)  of  the  pkoe  of  the  ecliptic  be  taken  for  that  fixed  jdm 
(the  ecliptic  itself  being  variable  like  the  other  orbits),  it  \s  found  lint 
this  sum  ia  actually  very  email :  it  must,  therefore,  always  reniaia  ta 
This  remarkable  theorem  alone,  then,  would  guarantee  the  stability  of  lie 
orbirs  of  ihe  greater  planets;  but  from  what  has  abore  been  shoKn  oflba 
tendency  of  each  planet  to  work  oat  a  compensation  on  every  other,  it  il 
evident  that  the  minor  oues  are  not  excluded  from  this  beneficial  omnp- 

(010.)  Meanwhile,  there  Is  no  doubt  that  the  plane  of  the  eeliplio  dw 
aetuully  vary  by  the  actions  of  the  planets.  The  amount  of  this  varialitn 
is  about  48"  per  century,  and  haa  long  been  recogniied  by  aatroDonwm 
by  an  increase  of  the  latitudes  of  all  the  stars  in  certain  ailuation^  uJ 
theirdiaiinution  in  the  opposite  reg;ion9.  Its  effect  ia  to  bring  theecliplio 
by  so  much  per  annum  nearer  to  coincidence  with  the  equator ;  hut  ftm 
what  wo  have  above  Been,  this  diminution  of  the  obliquity  of  the  eoUplil 
will  not  go  OD  beyond  certain  very  moderate  limits,  after  which  (alihoo^ 
In  an  immense  period  of  agcc,  being  a  compound  cycle  resulting  frtim  ibe 
joint  action  of  all  the  planets,)  it  will  again  increase,  and  thus  oecillata 
backward  and  forward  about  a  mean  position,  the  extent  of  its  deviatioa 
to  one  side  and  the  other  being  less  than  1°  21'. 

(641.)  One  effect  of  this  variation  of  the  plane  of  the  ecliptic,— Uiil 
which  causes  its  nodes  on  a  fixed  plane  to  change, — is  mixed  up  with  tb» 
precession  of  the  equinoxes,  and  undistinguisbable  from  it,  except  in 
theory.  This  last-mentioned  pha;nomenon  is,  however,  due  to  anotber 
cause,  analogous,  it  is  true,  in  a  general  point  of  view,  to  those  above 
considercil,  but  singularly  modified  by  the  circumstances  under  which  it 
is  produced.  We  shall  endeavour  to  render  these  modifications  intelli- 
gible, as  far  as  Ibcy  can  be  made  so  without  the  intervention  of  analytical 
fonnula). 

(642.)  The  precession  of  the  equinoxes,  aa  we  have  shown  in  art.  312, 
consists  in  a  continual  retrogradation  of  the  node  of  the  earth's  equator  on 
the  ecliptic;  and  is,  therefore,  obviously  an  effect  so  far  analogous  to  the 
general  phienomcnon  of  the  retrogradation  of  the  nodes  of  the  orbits  on 
each  other.  The  immense  distnnce  of  the  planets,  however,  compared 
with  the  size  of  the  earth,  and  the  sniallness  of  their  masses  compared  to 
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tiiat  of  the  saDy  puts  tlieir  action  out  of  the  question  in  the  inqnirj  of  its 
cause,  and  we  must,  therefore,  look  to  the  massive  though  distant  sun, 
and  to  our  near  though  minute  neighhour,  the  moon,  for  its  explanation. 
This  will,  accordingly,  he  found  in  their  disturbing  action  on  the  redun- 
dant matter  accumulated  on  the  equator  of  the  earth,  by  which  its  figure 
it  rendered  spheroidal,  combined  with  the  earth's  rotation  on  its  axis.  It 
is  to  the  sagacity  of  Newton  that  we  owe  the  discovery  of  this  singular 
mode  of  action. 

(643.)  Suppose  in  our  figure  (art.  611,)  that  instead  of  one  body,  P, 
levolving  round  S,  there  were  a  succession  of  particles  not  coherent,  but 
Arming  a  kind  of  fluid  ring,  free  to  change  its  form  by  any  force  applied. 
Then,  while  this  ring  revolved  round  S  in  its  own  plane,  under  the  dis- 
turbing influence  of  the  distant  body  M,  (which  now  represents  the  moon 
or  the  sun,  as  P  does  one  of  the  particles  of  the  earth's  equator,)  two 
things  would  happen :  1st,  its  figure  would  be  bent  out  of  a  plane  into  an 
vnduktted  form,  those  parts  of  it  within  the  arcs  D  A  and  £  C  being  ren- 
dered  more  inclined  to  the  plane  of  M's  orbit,  and  those  within  the  arcs 
A  £,  C  D,  less  so  than  they  would  otherwise  be ;  2dly,  the  nodes  of  this 
zing,  regarded  as  a  whole,  without  respect  to  its  change  of  figure,  would 
retreat  upon  that  plane. 

(644.)  But  suppose  this  ring,  instead  of  consisting  of  discrete  mole- 
oules  free  to  move  independently,  to  be  rigid  and  incapable  of  such  flezurOi 
like  the  hoop  we  have  supposed  in  art.  633,  but  having  inertia,  then  it  is 
evident  that  the  effort  of  those  parts  of  it  which  tend  to  become  more 
inclined  will  act  through  the  medium  of  the  ring  itself  (as  a  mechanical 
engine  or  lever)  to  oonnteract  the  effort  of  those  which  have  (U  the  same 
instant  a  contrary  tendency.  In  so  fiir  only,  then,  as  there  exists  an  excess 
on  the  one  or  the  other  side  will  the  inclination  change,  an  average  being 
Btmck  at  every  moment  of  the  ring's  motion;  just  as  was  shown  to 
happen  in  the  view  we  have  taken  of  the  inclinations,  in  every  complete 
revolution  of  a  single  disturbed  body,  under  the  influence  of  a  fixed  dis> 
torbing  one. 

(645.)  Meanwhile,  however,  the  nodes  of  the  rigid  ring  will  retrograde, 
the  general  or  average  tendency  of  the  nodes  of  every  molecule  being  to 
do  so.  Here,  as  in  the  other  case,  a  struggle  will  take  place  by  the  ooun« 
leracting  efforts  of  the  molecules  oontrarily  disposed,  propagated  through 
the  solid  substance  of  the  ring;  and  thus  at  every  instant  of  time,  an 
average  will  be  struck,  which  being  identical  in  its  nature  with  that 
effected  in  the  complete  revolution  of  a  single  disturbed  body,  will,  in 
ererj  ease,  be  in  fisvour  of  a  recess  of  the  node,  save  only  when  the  dis- 
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dy,  be  it  sua  or  tuoon,  la  nCtutted  in  the  pUne  af  the  eirft'i 

,e  wlitch  maiQtaics  the  rotation  of  the  ring;  whether  the  {w- 
□all  attclliles  retained  in  circular  orbits  under  tbo  eqiulikiri 
tractive  and  eeotrifugal  forces,  or  whether  they  be  Bmal!  nuMi 
IS  attached  to  a  set  of  imaginary  spokes,  as  of  a  wheel,  (Wte 
lid  free  only  to  shift  their  planes  by  a  motion  of  thoss  sfnta 
ar  to  the  plane  of  the  wheel.     This  makes  no  differ«i«  b 

effect ;  though  the  dlfTcrent  velocities  of  rotAlion,  which  taj 
ed  on  Buch  a  system,  may  and  will  have  a  very  great  inflnew 
e  absolute  and  relative  magnitudes  of  the  two  effecU  in  <gD» 
motion  of  the  nodes  and  change  of  incliDBtioo.     This  nill  h 
ratood,  if  we  suppose  Iheringiri'cA'Ju^arotatory  motion,  in  wlii 
ae  it  is  obvious  that  ho  long  as  M  remained  fibied  there  wvH 
no  recess  of  nodes  at  all,  but  only  a  tendency  of  the  ring  to  A 
und  a  diameter  perpendicular  to  the  position  of  M,  bringioji 

line  S  M. 
Fho  motion  of  snch  a  ring,  then,  as  we  have  been  consiJ«mf, 
ate,  so  far  as  the  recess  of  the  nodes  goes,  the  precession  of  li* 
only  that  its  nodes  would  retrograde  far  more  rapidly  thin  Hk 

PRECESSION  AND  NUTATION  EXPLAINED. 
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\    veTolatioD  this  great  inert  mass,  will  have  their  velooity  of  retrogradation 
proportionally  diminished.     Thus,  then,  it  is  easy  to  conceive  how  a  mo- 
I    lion  similar  to  the  precession  of  the  equinoxes,  and,  like  it^  characterized 
{    hj  extreme  slowness,  will  arise  from  the  causes  in  action. 
,  ^     (648.)  Now  a  recess  of  the  node  of  the  earth's  equator,  upon  a  given 
I  .^ne,  corresponds  to  a  conical  motion  of  its  axis  round  a  perpendicular  to 
^    that  plane.     But  in  the  case  before  us,  that  plane  is  not  the  ecliptic,  but 
^    the  moon's  orbit  for  the  time  being ;  and  it  may  be  asked  how  we  are  to 
leoondle  this  with  what  is  stated  in  art.  317  respecting  the  nature  of  the 
.motion  in  question.     To  this  we  reply,  that  the  nodes  of  the  lunar  orbit, 
.being  in  a  state  of  continual  and  rapid  retrogradation,  while  its  inclination 
i»  preserved  nearly  invariable,  the  point  in  the  sphere  of  the  heavens  round 
.which  the  pole  of  the  earth's  equator  revolves  (with  that  extreme  slow- 
11688  characteristic  of  the  precession)  is  itself  in  a  state  of  continual  circu- 
lation round  the  pole  of  the  ecliptic,  with  that  much  more  rapid  motion 
which  belongs  to  the  lunar  node.     A  glance  at  the  annexed  figure  will 

• 

Fig.  85. 
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explain  this  better  than  words.  P  is  the  pole  of  the  ecliptic,  A  the  pole 
of  the  moon's  orbit,  moving  round  the  small  circle  A  B  0  D  in  19  years ; 
a  the  pole  of  the  earth's  equator,  which  at  each  moment  of  its  progress 
has  a  direction  perpendicular  to  the  varying  position  of  the  line  A  a,  and 
m  velocity  depending  on  the  varying  intensity  of  the  acting  causes  during 
the  period  of  the  nodes.  This  velocity  however  being  extremely  small, 
when  A  comes  to  B,  0,  D,  E,  the  line  A  a  will  have  taken  up  the  posi- 
tions B  6,  C  c,  D  cf,  E  e,  and  the  earth's  pole  a  will  thus,  in  one  tropical 
revolution  of  the  node,  have  arrived  at  e,  having  described  not  an  exactly 
circular  arc  a  e,  but  a  single  undulation  of  a  wave-shape  or  epioycloidal 
curve,  ah  cde,  with  a  velocity  alternately  greater  and  less  than  its  mean 
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"{dw  Ibii  is  preciselj  the  kind  of  motion  wbicb,  u  we  Im 

325,  the  pole  of  the  earth's  equator  really  has  round  Uie  jA 
ptie,  in  conscquenoe  of  the  joint  effects  of  preccsMon  and  nob 

urc  tbua  uranographically  rcpreseQtcd.  If  we  sapendd  talk 
nar  precession  thai  of  the  solar,  which  atone  would  cauK  it 
uribe  n  circle  unifornily  about  P,  this  will  omty  affect  the  on!*- 
ur  waved  curve,  by  eilendiog  them  in  length,  but  will  pmdw 

the  depth  uf  tbc  waves,  or  the  excursions  of  the  eaiih'i  lU 
a  the  pole  of  the  ecliptic.    Thus  we  see  that  the  two  pheDoniM 

and  precession  are  intimately  conneot^d,  or  rather  boib  rf 
tial  couHtitueut  parts  of  one  and  the  same  pbenotneDon.  Itc 
ssary  to  stats  that  a  rigorous  analysis  of  tliie  great  proUeni,b; 

n,  which  observation  assigns  ta  them.     The  solar  and  iam 
the  precession  of  tho  e^juinoies,  that  is  to  eay,  those  portiae 

nniform,  are  to  each  other  in  the  proportion  of  about  2  to  * 
n  the  natation  of  the  earth's  axis  we  have  an  example  {tit 

!:ini  which   h:LS  occurred  tu  us),  of  a  periodical   movcmeal  is 
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The  system  may  be  favourably  or  unfavourably  constituted  for  such  a 
transfer  of  periodic  movements,  or  favourably  in  some  of  its  parts  and 
vn&voorably  in  others ;  and  accordingly  as  it  is  the  one  or  the  other,  the 
itriwUive  oscillation  (as  it  may  be  t^rmed)  will  be  imperceptible  in  one 
cue,  of  appreciable  magnitude  in  another,  and  even  more  perceptible  in 
ill  visible  effects  than  the  original  cause  in  a  third ;  of  this  last  kind  we  have 
n  instance  in  the  moon's  acceleration,  to  be  hereafter  noticed. 

(65L)  It  so  happens  that  our  situation  on  the  earth,  and  the  delicacy 
tliich  our  observations  have  attained,  enable  us  to  make  it  as  it  were  an 
ififltrament  to  feel  these  forced  vibrations,  —  these  derivative  motions, 
eonmonioated  from  various  quarters,  especially  from  our  near  neighbour, 
die  moon,  much  in  the  same  way  as  we  detect,  by  the  trembling  of  a 
board  beneath  us,  the  secret  transfer  of  motion  by  which  the  sound  of  an 
fligui-pipe  is  dispersed  through  the  air,  and  carried  down  into  the  earth. 
Accordingly,  the  monthly  revolution  of  the  moon,  and  the  annual  motion 
cf  the  eon,  produce,  each  of  them,  small  nutations  in  the  earth's  axis, 
whole  periods  are  respectively  half  a  month  and  half  a  year,  each  of 
wUeh,  in  this  view  of  the  subject,  is  to  be  regarded  as  one  portion  of  a 
period  ccmsisting  of  two  equal  and  similar  parts.    But  the  most  remark- 
aide  instance,  by  fiir,  of  this  propagation  of  periods,  and  one  of  high 
importance  to  mankind,  is  that  of  the  tides,  which  are  forced  oscillations, 
excited  by  the  rotation  of  the  earth  in  an  ocean  disturbed  from  its  figure 
bj  the  varying  attractions  of  the  sun  and  moon,  each  revolving  in  its  own 
orbit,  and  propagating  its  own  period  into  the  joint  phenomenon.     The 
explanation  of  the  tides,  however,  belongs  more  properly  to  that  part  of 
the  general,  subject  of  perturbations  which  treats  of  the  action  of  the 
mdial  component  of  the  dbturbing  force,  and  is  therefore  postponed  to  a 
snbeequent  chapter. 
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the  time  being)  of  the  distarbcd  orbit,  and  which  tend  to  derange  the 
elliptic  form  of  the  orbit,  and  the  laws  of  elliptic  motion  in  that  piano. 
The  small  inclination,  generally  speaking,  of  the  orbits  of  the  planets  and 
iatellites  to  each  other,  permits  us  to  separate  these  effects  in  theory  one 
from  the  other,  and  thereby  greatly  to  simplify  their  consideration.  Ao* 
eordingly,  in  what  follows,  we  shall  throughout  neglect  the  mutual  incli- 
nation of  the  orbits  of  the  disturbed  and  disturbing  bodies,  and  regard  all 
ibo  forces  as  acting  and  all  the  motions  as  performed  in  one  plane. 

f        (653.)  In  considering  the  changes  induced  by  the  mutual  action  of  two 
bodies,  in  different  aspects  with  respect  to  each  other,  on  the  magnitudes . 

'  *  tnd  forms  of  their  orbits,  and  in  their  positions  therein,  it  will  be  proper 
in  the  first  instance  to  explain  the  conventions  under  which  geometers 
and  astronomers  have  alike  agreed  to  use  the  language  and  laws  of  the 
elliptic  system,  and  to  continue  to  apply  them  to  disturbed  orbits,  although 
those  orbits  so  disturbed  are  no  longer,  in  mathematical  strictness,  ellipses, 
or  any  known  curves.  This  they  do,  partly  on  aeoount  of  the  oonvenience 
of  conception  and  calculation  which  attaches  to  this  system,  but  much 
more  for  this  reason,  —  that  it  is  found,  and  may  be  demonstrated  from 
the  dynamical  relations  of  the  case,  that  the  departure  of  each  planet  from 
its  ellipse,  as  determined  at  any  epoch,  is  capable  of  being  tnily  repre- 
sented, by  supposing  the  ellipse  itself  to  be  slowly  yariablo,  to  change  it« 
xnagDitude  and  ezcentrioity,  and  to  shift  its  position  and  the  plane  in 
which  it  lies  according  to  certain  laws,  while  the  planet  all  the  time  con- 
tinues to  move  in  this  ellipse,  just  as  it  would  do  if  the  ellipse  remained^ 
invariable  and  the  disturbing  forces  had  no  existence.  By  this  way  of 
considering  the  subject,  the  whole  effect  of  the  disturbing  forces  is  regarded 
as  thrown  upon  the  orbit,  while  the  relations  of  the  planet  to  that  orbit 
remain  unchanged.  This  course  of  prooedure,  indeed,  is  the  most  natural, 
and  is  in  some  sort  forced  upon  us  by  the  extreme  slowness  with  which 
the  variation  of  the  elements,  at  least  where  the  planets  only  are  con- 
cerned, develop  themselves.  For  instance,  the  fraction  expressing  the 
cxccntrieity  of  the  earth's  orbit  changes  no  more  than  0.00004  in  its 
amount  in  a  century;  and  the  pla6e  of  its  perihelion,  as  referred  to  the 
fiphere  of  the  heavens,  by  only  19'  39"  in  the  same  time.  For  several 
years,  therefore,  it  would  be  next  to  impossible  to  distinguish  between  an 
ellipse  so  varied  and  one  that  had  not  varied  at  all ;  and  in  a  tingle  revo- 
lution, the  difference  between  'the  original  ellipse  and  the  curve  really 
represented  by  the  varying  one,  is  so  excessively  minute,  that,  if  aocu- 
rately  drawn  on  a  table,  six  feet  in  diameter,  the  nicest  ezaminatioL  with 
microscopes,  continued  along  the  whole  outlines  of  the  two  curves,  would 
hardly  detect  any  peroepHble  interval  between  them.    Not  to  call  a  mo> 
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utely  confonning  itself  to  an  eiliptic  curve,  tUipli-;  wddU  te 
even  granting  tho  eiiEleoco  of  trivial  departures  Dll«maUlTa 
on  til 0  oihef;  tbough  on  the  other  baud,  to  neglect  a  im 

would  bo  wilful  blindness. 

eomcters,  then,  liave  agreed,  in  each  single  rerolation,  orb 
le  interval  of  time,  to  regard  the  motion  of  each  pUoel  a 
performed  according  to  Kepler's  laws,  with   a  rejerre  ii 
Doso  very  einitll  and  transient  flactuatious  which  take  pin 
lime,  but  at  the  sftme  time  to  regard  all  the  rlt-metiu  of  oA 
a  continual,  though  extremely  slow,  state  of  change;  to^.a 
effects  of  perturbation  on  the  system,  they  take  account  |W 
ntirely,  of  (his  change  of  the  clemcnlfi,  aa  that  upon  whicli  ibt 
nngo  in  the  great  features  of  the  Bystem  will  ultimately  depeai 
nd  here  we  encounter  the  disliaction  betn-ecn  what  arc  leraed 
ntions,  and  sueh  aa  are  rapidly  periodic,  and  are  compeoaid 
tcrvals.     In  our  esposition  of  the  variation  of  the  jnciiaiwa 
bed  orbit  (art.  C36,)  for  instance,  wo   showed    that,  in  oA 
ution  of  the  distorbed  body,  the  plane  of  its  motion  uodcnail 
to  and  fro  in  its  inclination  to  that  of  the  disturbing  bojj, 
ly  compensated  each  other;  leaving,  however,  a  portioa  Mil- 
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idntwD  from  its  orbit  (its  slowly  varying  orbit,)  but  forthwith  returns  to 
Hi  to  deviate  presently  as  much  the  other  way,  while  the  varied  orbit 
aecommodates  and  adjusts  itself  to  the  average  of  these  excursions  on 
Ulither  side  of  it;  and  thus  continues  to  present,  for  a  succession  of  indefi- 
nke  ages,  a  kind  of  medium  picture  of  all  that  the  planet  has  been  doing 
ill  their  lapse,  in  which  the  expression  and  the  character  is  preserved ;  but 
.Ibe  individual  features  are  merged  and  lost  These  periodic  inequalities, 
JM>wever,  are,  as  we  have  observed,  by  no  means  neglected,  but  it  is  more 
eonvenient  to  take  account  of  them  by  a  separate  process,  independent 
tf  the  secular  variations  of  the  elements. 

(657.)  In  order  to  avoid  complication,  while  endeavouring  to  give  the 
leader  an  insight  into  both  kinds  of  variations,  we  shall  henceforward 
aonceive  all  the  orbits  to  lie  in  one  plane,  and  confine  our  attention  to  the 
CMC  of  two  only,  that  of  the  disturbed  and  disturbing  body,  a  view  of  the 
■abject  which  (as  we  have  seen)  comprehends  the  case  of  the  moon  dis- 
tBr)>ed  by  the  sun^  since  any  one  of  the  bodies  may  be  regarded  as  fixed 
aft  pleasure,  provided  we  conceive  all  its  motions  transferred  in  a  contrary 

Fig.  86. 


direction  to  each  of  the  others.  lAt  therefore  A  P  B  be  the  undisturbed 
elliptic  orbit  of  a  planet  P;  M  a  disturbing  body,  join  M  P,  and  supposing 
M  K=M  S.take  MN  :  M  K  ::  M  K« :  M  P.  Then  if  SN  be  joined, 
N  S  will  represent  the  disturbing  force  of  M  or  P,  on  the  same  scale  that 
S  M  represents  M's  attraction  on  S.  Suppose  Z  P  Y  a  tangent  at  P,  S  Y 
perpendicular  to  it,  and  N  T,  N  L  perpendicular  respectively  to  S  Y  and 
P  S  produced.  Then  will  N  T  represent  the  tangential,  T  S  the  normal, 
N  L  the  transversal,  and  L  S  the  radial  components  of  the  disturbing 
force.     In  circular  orbits  or  orbits  only  slightly  elliptio,  the  directions 
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SY  are  oeorlj  coinddeDt,  and  the  fomer  pair  ot  tanm^ 
slightly  from  the  lalter.     IVo  filiall  here,  howe»«,  tike  Ik 
e,  and  proceed  to  investigato  in  an  elliptic  orbit  of  tnj  ^ff» 
cil;  ihe  niuiucDtary  cbauges  produced  by  the  tkction  of  tUft 
r^e  in  tboso  eleiuenls  on  nhii^h  the  tuagnitadc,  dtuatiim.fl 
e  orbit  depend  (t.  e.  the  length  and  position   of  the  majw  t> 
xocntricily,)  in  liio  soiue  wuy  as  in  the  last  chapter  we  i» 
monieutury  changes  of  the  inclioution  and  node  Eiuilwt;  p 
ne  orthogonal  force. 

n  clemcot  of  the  &Kt  iiiiportance,  as  oa  h  do;>«Qda  (Hn.<f?l 
0  time  and  mean  angukr  motion  of  the  plonut,  ue  well  »Ai 
pply  cf  light  and  hcut  it  receives  in  a  given  time  from  ibt  m, 
nent  or  constantly  progrcsnive  change  in  which  would  A 
rialty  the  conditiona  of  eiisteneo  of  living  beings  on  its  saAa. 
a  property  of  elliptic  motion  performed  under  the  infliiracttf 
d  in  conformity  frith  Kepler's  laws,  that  if  the  wlodij  »* 
unet  moves  at  any  point  of  its  orbit  bo  given,  and  i1m  Ik 
that  point  from  tho  sun,  the  major  asia  of  tUe  orbit  is  tlmtt; 
It  is  no  matter  in  what  dircetiun  the  planet  may  be  mn^ 
mcnt.     This  will  influence  the  cKCentricily  and  the  pcvitiw^ 
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1  oot  on  the  new  direction  impressed  upon  it  by  the  acting  forces, — ^fbr  the 

I  nisy  as  we  have  seen,  is  independent  of  that  direction, — not  on  its  change 

i  of  distance  from  the  sun,  while  describing  the  former  arc, — for  the  ele- 

I  Hents  of  that  arc  are  accommodated  to  it,  so  that  one  and  the  same  axis 

I .  smst  belong  to  its  beginning  and  its  end.   The  question,  in  short,  whether 

I  in  the  next  arc  it  shall  take  up  a  new  major  axis  or  go  on  with  the  old 

1^  tae  will  depend  solely  on  this — ^whether  its  velocity  has  or  has  not  under- 

I  ^ne  a  change  by  the  action  of  the  disturbing  force.     For  the  central 

Ibrce  residing  in  the  focus  can  impress  on  it  no  such  change  of  velocity 

f    10  to  be  incompatible  with  the  permanence  of  its  ellipse,  seeing  that  it  is 

bj  the  action  of  that  force  that  the  velocity  is  maintained  in  that  due 

proportion  to  the  distance  which  elliptic  motion,  as  such,  requires. 

(659.)  Thus  we  see  that  the  momentary  variation  of  the  major  axis 
depends  on  nothing  but  the  momentary  deviation  from  the  law  of  elliptic 
T^odty  produced  by  the  disturbing  force,  without  the  least  regard  to  the 
'  direction  in  which  that  extraneous  velocity  is  impressed,  or  the  distance 
ftmn  the  sun  at  which  the  planet  may  be  situated,  at  the  moment  of  its 
impression.  Nay,  we  may  even  go  farther,  for,  as  this  holds  good  at  every 
instant  of  its  motion,  it  will  follow  that  after  the  lapse  of  any  time,  how- 
arer  great,  the  total  amount  of  change  which  the  axis  may  have  under- 
gone will  be  determined  only  by  the  total  deviation  produced  by  the  action 
.of  the  disturbing  force  in  the  velocity  of  the  disturbed  body  from  that 
which  it  would  have  had  in  its  undisturbed  ellipse,  at  the  same  distance 
ftom  the  centre,  and  that  therefore  the  total  amount  of  change  produced 
in  the  axis  in  any  lapse  of  time  may  be  estimated,  if  we  know  at  ^very 
instant  the  efficacy  of  the  disturbing  force  to  alter  the  velocity  of  the 
lx)dy's  motion,  and  that  without  any  regard  to  the  alterations  which  the 
notion  of  that  force  may  have  produced  in  the  other  elements  of  the 
naotion  in  the  same  time. 

(660.)  Now  it  is  not  the  whole  disturbing  force  which  is  effective  in 
lehanging  P's  velocity,  but  only  its  tangential  component.  The  normal 
component  tends  merely  to  alter  the  curvature  of  the  orbit  or  to  deflect  it 
Into  conformity  with  a  circle  of  curvature  of  greater  or  lesser  radius,  as 
the  case  may  be,  and  in  no  way  to  alter  the  velocity.  Hence  it  appear^) 
that  the  variation  of  the  length  of  the  aa^in  is  due  entire^  to  the  tangen- 
tied  force,  and  is  quite  independent  on  the  normal.  Now  it  is  easily  shown 
that  as  the  velocity  increases,  the  axis  increases  (the  distance  remaining 
unaltered')  though  not  in  the  same  exact  proportion.     Hence  it  follows 

'  If  a  be  the  semiaxit,  r  the  radiixB  vector,  and  v  the  veiocitf  of  P  in  any  point  of  an 

2      1 
ellipae,  a  is  given  by  the  relation  iP— ,  the  tinita  of  velocity  and  force  being  pro- 
perly assumed. 
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action  iocreaaos  ibe  axia  of  the  disturbcij  orbit,  nhatcnf  b 

ID  of  P  in  its  orbit,  nnd  rief  rcmfi. 

Let  A  S  B  (%  art.  657)  be  the  major  »is  of  the  ellipsB  4? 
the  opposite  Bide  of  A  B  lake  two  points  P'  and  M',  simila^ 
(h  reappct  to  tlio  asis  with  P  and  M  on  tbeir  aide.  Tbeo  if  a 
bodies  equal  to  P  and  M  be  placed,  the  forces  exerted  bjlf 
S  will  be  equul  to  those  exerted  bj  M  on  P  and  &,  aai  thm 

ngential  disturbing  force  of  M'  oq  P'  exerted  in  the  dirtOW 

poge)  will  equal  that  exerted  by  M  on  P  in  the  direelion  PI 

arded  (or  Bcceleniled,  as  the  esse  may  be)  by  prccit^y  ibeWM 
hich  P  is  acceloraWd  (or  retarded"),  so  that  the  variation  in  tb 
respective  orbits  of  P  and  P'  will  be  eqoal  in  amaant,  bot  e» 
aracler.     Suppose  now  Si's  orbit  to  be  circular.     Then  (t/ii 
mes-o/  M  aatl  P  be  not  commensurate,  so   f/uil  a   Btoda» 
Ttfolution*  may  briny  them  back  to  the   tatne  precia  nAdiir 
it  will  necessarily  happen,  that  in  the  coarse  of  a  verj  fffd 
revolutions  of  both  bodies,  P  will  have  been  presented  toll 
e  of  the  axis,  at  some  one  momeDt,  in  the  same  manner  u  U 
nnjment  on  the  other.      Whatever  variiition    may  Lave  b« 
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I  irom  what  has  heen  said,  it  is  clear  that  this  will  he  destroyed,  during  M's 
I  Approach  to  S  in  the  other  half  of  its  orhit,  so  that  here  again,  on  the 
average  of  a  multitude  of  revolutions  during  which  P  has  heen  presented 
i  to  M  171  every  situation  for  every  distance  of  M  from  S,  the  restoration 
I   will  be  effected. 

!  '  (B63.)  If  neither  P's  nor  M's  orbit  be  circular,  and  if  moreover  the 
t  directions  of  their  axes  be  different,  this  reasoning,  drawn  from  the  sjm- 
[  metrj  of  their  relations  to  each  other,  does  not  apply,  and  it  becomes 
aeoessary  to  take  a  more  general  view  of  the  matter.  Among  the  funda- 
mental relations  of  dynamics,  relations  which  presuppose  no  particular 
-  law  of  force  like  that  of  gravitation,  but  which  express  in  general  terms 
the  results  of  the  action  of  force  on  matter  during  timey  to  produce  or 
change  velocity j  is  one  usually  cited  as  the  ''  Principle  of  the  conserva- 
tion  of  the  vis  viva,*  which  applies  directly  to  the  case  before  us.  This 
principle  (or  rather  this  theorem)  declares  that  if  a  body  subjected  at 
mwetj  instant  of  its  motion  to  the  action  of  forces  directed  to  fixed  centra 
*  (do  matter  how  numerous),  and  having  their  intensity  dependent  only  on 
llie  distances  from  their  respective  centres  of  action,  travel  from  one  point 
of  space  to  another,  the  velocity  which  it  has  on  its  arrival  at  the  latter 
point  will  differ  from  that  which  it  had  on  setting  out  from  the  former,  by 
ft  quantity  depending  only  on  the  different  relative  situations  of  these  two 
points  in  space,  without  the  least  reference  to  the  form  of  the  curve  in 
which  it  may  have  moved  in  passing  from  one  point  to  the  other,  whether 
that  curve  have  been  described  freely  under  the  simple  influence  of  the 
central  forces,  or  the  body  have  been  compelled  to  glide  upon  it,  as  a  bead 
vpon  a  smooth  wire.  Among  the  forces  thus  acting  may  be  included  any 
constant  forces,  acting  in  parallel  directions,  which  may  be  regarded  as 
directed  to  fixed  centres  infinitely  distant.  It  follows  from  this  theorem, 
that,  if  the  body  return  to  the  point  P,  from  which  it  set  out,  its  velocity 
of  arrival  will  be  the  same  with  that  of  its  departure;  a  conclusion  which 
(for  the  purpose  we  have  in  view)  sets  us  free  from  the  necessity  of  enter- 
iDg  into  any  consideration  of  the  laws  of  the  disturbing  force,  the  change 
which  its  action  may  have  induced  in  the  form  of  the  orbit  of  P,  or  the 
anccessive  steps  by  which  velocity  generated  at  one  point  of  its  interme- 
diate path  is  destroyed  at  another,  by  the  reversed  action  of  the  tangen* 
lial  force.  Now  to  apply  this  theorem  to  the  case  in  question,  let  M  be 
anpposed  to  retain  a  fixed  position  during  one  whole  revolution  of  P. 
P  then  is  acted  on,  during  that  revolution,  by  three  forces :  Ist.  by  the 
central  attraction  of  S  directed  always  to  S ;  2nd.  by  that  to  M,  always 
directed  to  M ;  3rd.  by  a  force  equal  to  M's  attraction  on  S ;  but  in  the 
direction  M  S,  which  therefore  is  a  constant  force;  acting  always  in  parallel 
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axis  of  ite  orbit,  will  W  found  noaltered,  at  Icaat  ncglccnf 
vely  minute  difference  nhich  will  result  from  iiie  non-tmal 
lution  at  the  r^iirt  poiut  of  its  departure  by  reason  of  ik  p* 
in  the  orbit  produced  in  tbe  interim  by  the  disturbing  tan, 
be  present  we  may  neglect. 
Vow  suppose  il  to  revolve,  and  it  will  appear,  bj  a  rewa^ 

velocity  arises  in  successive  revolutions  of  P  during  M's  mm 
1  be  destroyed  by  contrary  unco  in  pen  sated  vnriationa  uiaa) 
approach.     Or,  more  simply  and  geuerully  tbus  :  whatciulfi 
uy  be,  for  every  place  which  P  can  have,  there  roust  eiiat  m 
B  of  P  (aa  P'),  in  which  the  action  of  M    shall  be  pmM^ 
Now   </  llie  periods    be    incommenturablf,   in    an   indifiiB 
revoIutiooH  of  both  bodies,  for  every  possible  combiualin  J 
M,  P)  there  will  occur,  iit  some  hW  or  other,  the  coiuluiiiliH 
lieh  neutraliaea  the  effect  of  the  other,  when  carried  la  ih 
ount;  so  that  altimatcly,  and  when  very  long  periods  cfn 
cd,  a  eomplele  conipenaatioa  will  be  found  to  be  worked  ml 
Phis  supposes,  however,  that  in  such  long  periods  tjie  arbh^ 
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^  fftean  points  from  which  they  never  greatly  depart.     And  if  the  arriyal 

"^  jaf  either  of  them  at  P,  at  a  point  nearer  S|  at  the  end  of  a  complete 

'^  levolation,  cause  an  excess  of  velocity,  its  arrival  at  a  more  distant  point 

J^  iHll  cause  a  deficiency,  and  thus,  as  the  fluctuations  of  distance  to  and  fro 

'"  ultimately  balance  each  other,  so  will  also  the  excesses  and  defects  of 

irelocity,  though  in  periods  of  enormous  length,  being  no  less  than  that 

^  tf  a  complete  revolution  of  P's  apsides  for  the  one  cause  of  inequality, 

P  iMid  of  a  complete  restoration  of  its  ezcentricity  for  the  other. 

^         (667.)  The  dynamical  proposition  on  which  this  reasoning  is  based  is 

'   ,|{eDeral,  and  applies  equally  well  to  cases  wherein  the  forces  act  in  one 

'    plane,  or  are  directed  to  centres  anywhere  situated  in  space.     Hence,  if 

W^  take  into  consideration  the  inclination  of  P's  orbit  to  that  of  M,  the 

tome  reasoning  will  apply.     Only  that  in  this  case,  upon  a  complete  revo- 

liltion  of  P,  the  variation  of  inclination  and  the  motion  of  the  nodes  of 

P^s  orbit  will  prevent  its  returning  to  a  point  in  the  exact  plane  of  its 

•original  orbit,  as  that  of  the  excentricity  and  perihelion  prevent  its  arrival 

at  the  same  exact  distance  from  6.     But  since  it  has  been  shown  that  the 

inclination  fluctuates  round  a  mean  state  from  which  it  never  departs 

aiach,  and  since  the  node  revolves  and  makes  a  complete  circuit,  it  is 

obvious  that  in  a  complete  period  of  the  latter  the  points  of  arrival  of  P 

At  the  same  longitude  will  deviate  as  often  and  by  the  same  quantities 

above  as  below  its  original  point  of  departure  from  exact  coincidence; 

•nd,  therefore,  that  on  the  average  of  an  infinite  number  of  revolutions, 

'the  eflect  of  this  cause  of  non-compensation  will  also  be  destroyed. 

(668.)  It  is  evident,  also,  that  the  dynamical  proposition  in  question 
being  general,  and  applying  equally  to  any  number  of  fixed  centres,  as 
well  as  to  any  distribution  of  them  in  i^pace,  the  conclusion  would  be  pre- 
cisely the  same  whatever  be  the  number  of  disturbing  bodies,  only  that 
the  periods  of  compensation  would  become  mote  intricately  involved. 
We  are,  therefore,  conducted  to  this  most  remarkable  and  important  con- 
clusion, viz.  that  die  major  axes  of  the  planetary  (and  lunar)  orbits,  and, 
consequently,  also  their  mean  motions  and  periodic  times,  are  subject  to 
none  but  periodical  changes ;  that  the  length  of  the  year,  for  example,  in 
the  lapse  of  infinite  ages,  has  no  preponderating  tendency  either  to  increase 
or  diminution, — that  the  planets  will  neither  recede  idefinitely  from  the 
min,  nor  fall  into  it,  but  continue,  so  far  as  their  mutual  perturbations  at 
least  are  concerned,  to  revolve  for  ever  in  orbits  of  very  nearly  the  same 
dimensions  as  at  present 

(669.)  This  theorem  (the  Magna  Charta  of  our  system),  the  discovery 
of  which  is  due  to  Lagrange,  is  justly  regarded  as  the  most  important,  as 
a  single  result,  of  any  which  have  hitherto  rewarded  the  researches  of 


OUTLINES  or  ASTKDiroirr. 

eiimrk,  nod  follows  evidently  from  the  view  h«ni  Ukn  </ 1, 
d  not  Iw  true  but  for  the  influence  of  the  pertarbing  fotiH« 
nU  of  the  orbit,  vii,  the  perihelion  and  eswDtrieitj,  uidik 
and  nodes;  Bioce  we  have  seen  ihnt  the  revolution  of  the  % 
[iodc!4,  mid  the  periodical  increaiic  and  diminntion  at  lite  a 
and  inclinations,  are  both  essential  towards  operating  ihil  U 
te  compeiii^ntioQ  which  gives  it  a  character  of  matheimttal 
We  have 'here   an   instance  of   a  perturbation   of  one  tW 

couniulatc  to  the  destruction  of  the  eystem.     It  must,  bownv 
mind,  tiiiit  it  is  the  siuallness  of  the  exoentricilJcs  of  the  n» 
jlanets,  which  giyes  thia  theorem  ita  prariirtU  importanto,  vi 
vi  it  from  a  mere  barren  Hpcculntive  resalL     Within  the  iini 
restoration,  it  is  this  alone  wbicli  keeps   the  periodical  find* 
e  asis  to  and  fro  about  a  mean   value  within   moderUe  ak 
limits.     Although  the  earth  might  not  &11  into  the  sun,  ffi» 

diminution  of  its  mean  distance,  to  the  cstcot,  for  iDslaDK.rf 
its  actual  nmouDt,  would  cot  fall  to  aubycrt   the  oonditioiu  « 
existence  of  the  present  race  of  &niinal«d   beings  dqnJi 

Byuyvijcnys^oweve^hanjj^^lj^ijl^ij^^ 
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.inch  an  exact  adjustment  to  subsist  at  any  epoch,  it  could  not  remain  per- 
manent, since  by  a  remarkable  property  of  perturbations  of  this  class, 
.which  geometers  have  demonstrated,  but  the  reasons  of  which  we  cannot 
llop  to  explain,  any  change  produced  on  the  axis  of  the  disturbed  planet's 
ort>it  is  necessarily  accompanied  by  a  change  in  the  contrary  direction  in 
tiiat  of  the  disturbing,  so  that  the  periods  would  recede  from  commensu- 
■rf>ility  by  the  mere  effect  of  their  mutual  action.  Cases  are  not  wanting 
the  planetary  system  of  a  certain  approach  to  commensurability,  and  in 
Tery  remarkable  case  (that  of  Uranus  and  Neptune)  of  a  considerably 


one,  not  near  enough,  however,  in  the  smallest  degree  to  affect  the 
'Validity  of  the  argument,  but  only  to  give  rise  to  inequalities  of  very  long 
']p^eds,  of  which  more  presently.* 

(  (670.)  The  variation  of  the  length  of  the  axis  of  the  disturbed  orbit 
ip  dae  solely  to  the  action  of  the  tangential  disturbing  force.  It  is  other- 
wife  with  that  of  its  excentritity  and  of  the  position  of  its  axis,  or,  which 
ii  the  same  thing,  the  longitude  of  its  perihelion.  Both  the  normal  and 
iusgential  components  of  the  disturbing  force  affect  these  elements.  We 
diall,  however,  consider  separately  the  influence  of  each,  and,  commencing, 

Fig.  87. 


the  simplest  case,  with  that  of  the  tangential  force; — let  P  be  the 
place  of  the  disturbed  planet  in  its  elliptic  orbit  A  P  B,  whose  axis  at  the 
ikioment  is  A  S  B  and  focus  S.  Suppose  Y  P  Z  to  be  a  tangent  to  this 
orbit  at  P.  Then,  if  we  suppose  A  B  =  2  a,  the  other  focus  of  the 
eUipse,  H,  will  be  found  by  making  the  angle  ZPH  =  YPSorYPH 
=:'180°  —  YPZ,  orSPH  =  180*^  —  2  Y  P S, and  taking  P H  =  2a 
-—  S  P.  This  is  evident  from  the  nature  of  the  ellipse,  in  which  lines 
drawn  from  any  point  to  the  two  foci  make  equal  angles  with  the  tangent, 

'  41  revolutions  of  Neptune  are  nearly  equal  to  81  of  Uranus,  giving  rise  to  an  ine- 
quality,  having  6806  years  for  its  period. 
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Iieir  sum  equal  to  the  major  axis.     Suppose,  now,  th^     ^^^^ 
1  act  00  P  and  to  increase  its  velocity.    It  will  therefor             ^'^ 
■  that  the  new  value  assumed  by  u  (viz.  n')  will  be  gr        *  \ 
le  tangential  force  does  not  niter  the  angle  of  toDger,     ^ 

DOW  position  (W)  of  the  upper  focus,  we  most  '         Y<k 
am.W/,(pPH,  a  dUtanoe  PH'  (=20,  —  8P)     .■        1   ]K 

(hia  then,  and  join  S  H'  and  produce  it.     Then             '  / 
isition  of  the  aiis,  and  i  S  H'  the  new  excentrici'              / 

st,  that  the  new  position  of  the  perihelion  A'  wi              "      - 
!  A  towards  the  same  side  of  the  axis  A  6  od  v                A  9 
lial  force  acta  to  increase  the  velocity,  wheUn            ^J/^ 
ilion  to  aphelion,  or  the  contrary.    2dly,  That             " 

to  the  action  of  the  tangential  force,  the  ex«* 

Be  perpendicular.     3dly,  That  for  a  ^veo 
riten  value  of  the  tangential  force,  the  m^ 
<f  tlie  perihelioD  b  a  mazimam  when  T 
ition  of  P  to  the  perihelion  or  aphelion,  1 

***M» 
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.tini  forces,  if  in  estimating  their  quantitative 
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'  neglect  of  the  angle  P  S  Y,  i.  e.  by  the  subati- 

ladial  and  traosversal  componoata.     ^  cAaroctn- 
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7o  determine  tbe  niumcntarj  eSei-t  of  the  wliole   disturbing 
,  we  have  only  to  resolve  it  iulo  its  (aiigential   and  nonn»l 
1,  and  caliumting  by  these  principles  separately  the  effeets  of 

ispiro  or  opposo'each  otber.      Or  we  inny  at  once  make  the 
U"  equttl  to  twice  the  angle  of  deflection  produced  by  tba 
C  and  lay  off  P  H"  =  P  H  +  twice  the  variation  of  a  produced 
J  Dioraent  of  time  by  the  tangential  force,  and  H"  will  bo  the 
The  momentary  velocity  generated  by  the  tangential  force  U 
from  a  knowledge  of  that  force  by  the  ordinary  principles  of 
and  from  thi.s,  the  variation  of  the  aus  is  easily  derived.' 
Qtary  velocity  generated  by  the  normal  force  in  its  own  direc- 

lis  by  the  linear  velocity  of  V  at  that  instant,  we  deduce  Ibo 
locity  of  the  tangent  about  P,  or  the  momentary  variutioa  of 

rhe  following  risiimi  of  these  several  results  in  a  tabular  form 
cry  variety  of  ease  according  03  P  is  approaching  to  or  receding 
)  it  is  situated  in  the  are  F  A  G  of  its  orbit  about  the  pcrihf. 
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XFnEOTS  OP  THE  NORMAL  DISTURBING   FORCE. 


BUiuUun  ofFino- 

Situation  of  P  in 
orbit. 

Action  of  Normal 
Jforce. 

Effeet  on  Elements. 

iBdiftraat 
Dllto. 
Ditto. 

Ditto. 
ApprooditDif  8. 

Bceeding  from  8. 
Ditto. 

About  Aphelion. 

Ditto. 
About  Perihelion. 

Ditto. 
Anywhere. 

Ditto. 

Ditto. 

Bitto. 

Inwards. 

Outwards. 

Inwards. 

Outwards. 

Inwards. 

Outwards. 

Ipwards. 

Outwards. 

Apsides    recede. 

advance. 

advance. 

recede. 
Ezcentr.  increases. 

decreases. 

decreases. 

increases. 

.....  .                     1 

(674.)  From  the  momeDtarj  changes  in  the  elements  of  the  disturbed 
orint  OQETeaponding  to  saccessive  situations  of  P  and  M,  to  conclude  the 
total  Amount  of  change  produced  in  any  given  time  is  the  business  of  the 
inb^^  caloulnSy  and  lies  far  beyond  the  scope  of  the  present  work. 
Wiflkoat  its  aid^  however^  and  by  general  consideration  of  the  periodical 
iMonence  of  oonfigurationB  of  the  same  character,  we  have  been  able  to 
demonstrate  many  of  the  most  interesting  conclusions  to  which  geometers 
kave  been  oondocted^  examples  of  which  have  already  been  given  in  the 
nasoning  by  which  the  permanence  of  the  axes,  the  periodicity  of  the 
iDcUnaUonSy  and  the  revolutions  of  the  nodes  of  the  planetary  orbits  have 
been  demonstrated.  We  shall  now  proceed  to  apply  similar  considerations 
to  the  motion  of  the  apsides,  and  the  variations  of  the  exccntricities.  To 
this  end  we  most  first  trace  the  changes  induced  on  the  disturbing  forces 
themselves  with  the  varying  positions  of  the  bodies,  and  here  as  in  treat- 
ing of  the  inclinations  we  shall  suppose,  unless  the  contrary  is  expressly 
indicated,  both  orbits  to  be  very  nearly  circular,  without  which  limitation 
the  complication  of  the  subject  would  become  too  embarrassing  for  the 
reader  to  follow,  and  defeat  the  end  of  explanation. 

(675.)  On  this  supposition  the  directions  of  S  P  and  S  Y,  the  perpen- 
dicnlar  on  the  tangent  at  P,  may  be  regarded  as  coincident,  and  the 
normal  and  radial  disturbing  forces  become  nearly  identical  in  quantity, 
also  the  tangential  and  transversal,  by  the  near  coincidence  of  the  points 
T  and  L  (fig.  art.  687).  So  far  then  as  the  intensiti/  of  the  forces  is  con- 
cerned, it  will  make  very  little  difference  in  which  way  the  forces  are  rc- 
sdlTed,  nor  will  it  at  all  materially  affect  our  conclusions  as  to  the  effects 
of  the  normal  and  tangential  forces,  if  in  estimating  their  quantitative 
Yslnes,  we  take  advantage  of  the  simplification  introduced  into  their  nu- 
merical ezpreaaon  by  the  neglect  of  the  angle  P  S  Y,  i.  e.  by  the  substi- 
tation  for  them  of  the  radial  and  transversal  components.  The  character 
24 
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Fig-  89. 

ffecta  depends  (nrt.  670,  G71,)  on  the  dirutlon  in  wliicli  Ao 
which  we  sliall  suppose  Donaal  nnd  tangential  as  before,  and  it 
the  cstiuial.ion  of  their  quantitative  effects  that  tlic  error  ia- 
be  neglect  of  this  angle  con  fall.     In  the  lunar  orbit  this  anglo 
(la  3°  10',  and  its  influeuoe  on  the  quBntitative  cetimation  of 
forces  may  therefore  be  safely  neglected  in  a  Erst  npprosima- 
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lushes  at  points  intermediate  between  A  D,  D  B,  B  E,  and  E  A,  which 
points,  when  M  is  considerably  remote,  are  situated  nearer  to  the  quadra- 
ture than  the  syijgies. 

(676.)  In  the  Innar  theory,  to  which  we  shall  now  proceed  to  apply 
these  principles,  both  the  geometrical  representation  and  the  algebraic 
expression  of  the  disturbing  forces  admit  of  great  simplification.  Owing 
to  the  great  dbtance  of  the  sun  M,  at  whose  centre  the  radius  of  the 
moon's  orbit  never  subtends  an  angle  of  more  than  about  8',  N  P  may  be 
regarded  as  parallel  to  A  B.  And  D  S  E  becomes  a  straight  line,  coinci- 
dent with  the  line  of  quadratures,  so  that  V  P  becomes  the  cosine  of 
A  8  P  to  radius  8  P,  and  N  L  =  N  P .  sin  A  S  P;  L  P  =  N  P.  cos 
A  8  P.  Moreover,  in  this  case  (see  the  note  on  the  last  article)  N  P  = 
8Py=8  8P.oo6  ASP;  and  consequently  N  L  =  3  8  P.  cos  ASP. 
an  ASP=|8P.sin  2ASP,  and  LS  =  SP(3.*cos  ASP'— 1) 
=}SP(l+3.coe2  ASP)which  vanbhes  when  cos  AS  P=  J,  or  at 
M®  14'  from  the  syzygy.  Suppose  through  every  point  of  Fs  orbit 
there  be  drawn  8Q=dSP.  cosASP',  then  will  Q  trace  out  a  certain 
looped  oval,  as  in  the  figure,  cutting  the  orbit  in  four  points  64^  14'  from 
A  and  B  respectively,  and  P  Q  will  always  represent  in  quantity  and  di- 
rtetion  thb  normal  force  acting  at  P. 


(677.)  It  is  important  to  remark  here,  because  upon  this  the  whole 
lunar  theoiy  and  especially  that  of  the  motion  of  the  apsides  hinges,  that 
all  the  acting  disturbing  forces,  at  equal  angles  of  elongation  A  S  P  of  the 
moon  from  the  sun,  are  cater  is  paribus  proportional  to  8  P,  the  moon's 
distance  from  the  earth,  and  are  therefore  greater  when  the  moon  is  near 
its  apogee  than  when  near  its  perigee;  the  extreme  proportion  being  that 
of  about  28  :  25.  This  premised,  let  us  first  consider  the  effect  of  the 
normal  foroe  in  displacing  the  lunar  apsides.  This  we  shall  best  be  ena- 
bled to  do  by  examining  separately  those  cases  in  which  the  e€ects  are 
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jlj  contrasted ;  viz.  when  ihe  major  aiis  of  t!ie  moon's  orbit  la 
ivrards  the  emn,  and  wbcn  at  right  angles  to  tliat  direction. 
,  let  the  line  of  apsides  be  directed  to  the  san  as  in  the  an- 
■e,  where  A  is  the  perigee,  and  talie  the  arcs  A  o,  A  ij  B  c,  B  d 

Fig.  91. 

1-1'.    Then  while  P  is  between  a  and  6  the  normal  force  act- 
rda,  and   tbe  moon  being  near  its  perigee,  by  art.  C7l,  the 
1  recede,  but  when  between  c  and  d,  the  foreo  there  actipg  out- 
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m  Um  pioportioD  of  28 :25,  while  in  the  quadratures  about  D  and  E 
dwy  ue  eqnaL  Therefbrey  wbilo  the  feeble  movements  +  and — in  the 
MighbcHiriiood  of  these  points  destroy  each  other  almost  exactly,  there 
irill  neeeflmily  remain  a  considerable  balance  in  favour  of  advance,  in 
flui  ntnatioa  of  the  line  of  apsides. 

(678.)  Nezt^  snppofe  the  apogee  to  lie  at  A,  and  the  perigee  at  B.  In 
dii8  case  it  is  erident  that,  so  far  as  the  direction  of  the  motions  of  the 
apndes  is  oonoemed,  all  the  conclusions  of  thQ  foregoing  reasoning  will 
he  lerened  by  the  substitution  of  the  word  perigee  for  apogee,  and  vice 
wend ;  mud  all  the  signs  in  the  figure  referred  to  will  be  changed.  But 
BOW  the  most  powerful  forces  act  on  the  side  of  A,  that  is  to  say,  still  on 
die  side  of  adTance,  this  condition  also  being  reversed.  In  either  situa- 
tioD  of  the  orbit,  then,  the  apsides  advance. 

'  (679.)  (Case  8.)  Suppose,  now,  the  major  axis  to  have  the  situation 
D  E,  and  the  perigee  to  be  on  the  side  of  D.  -  Here,  in  the  arc  5  c  of  Ps 
■otion  the  normal  forc^acts  inwards,  and  the  moon  is  near  perigee,  con- 
nqnently  the  apsides  advance,  but  with  a  moderate  rapidity,  the  maxi- 
■vm  of  the  inward  normal  force  being  only  half  that  of  the  outward. 
!■  the  arcs  A  h  and  e  B  the  moon  is  still  near  perigee,  and  the  force  acts 
oatwards,  but  though  powerfully  towards  A  and  B,  yet  at  a  constantly 
laereaMDg  disadvantage  (art.  671.)  Therefore  in  these  arcs  the  apsides 
iwede,  bat  moderately.  In  a  A  and  B  d  (being  towards  apogee)  they 
.  agvn  advance,  still  with  a  moderate  velocity.  Ijastly,  throughout  the  are 
do,  being  about  apogee  with  an  inward  force,  they  recede.  Here  as 
hefiiie,  if  the  perigee  and  apogee  forces  were  equal,  the  advance  and  recess 
voold  eoantsribalance ',  but  as  in  fiict  the  apogee  forces  preponderate,  there 
wR  be  a  balance  on  the  entire  revolution  in  favour  of  recess.  The  same 
leaaoning  of  course  holds  good  if  the  perigee  be  towards  E.  But  now, 
between  these  cases  and  those  in  the  foregoing  articles,  there  is  this  dif- 
fcrenee,  via.  that  in  this  the  dominant  effect  results  from  the  inward  action 
of  the  normal  force  in  quadratures,  while  in  the  others  it  results  from  its 
oatwaidf  and  doubly  powerful  action  in  syzygies.  The  recess  of  the  ap- 
sides in  their  quadratures  arising  from  the  action  of  the  normal  force  will 
therefore  be  less  than  their  advance  in  their  syzygies ;  and  not  only  on 
this  aeoonnt,  bat  also  because  of  the  much  less  extent  of  the  arcs  b  c  and 
da  on  which  the  balance  is  mainly  struck  in  this  case,  than  of  a  5  and 
edf  ihm  oorrespondingmost  influential  arcs  in  the  other. 

(680.)  In  intermediate  situations  of  the  line  of  apsidesj  the  effect  will 

.  be  intermediate,  and  there  will  of  course  be  a  situation  of  them  in  which 

OD  an  aventgo  of  a  whole  revolution,  they  are  stationary.     This  situation 

it  if  easy  to  see  will  be  nearer  to  the  line  of  quadratures  than  of  syzygies. 
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e  arc  tban  that  of  recess,  nciDng  the  possible  situations  which 
aold.     On  every  account,  therefore,  the  action  of  the  norinal 
a  the  luunr  apsides  to  progress  in  a  complete  ret'oluthn  of  M 
ncxlical  year,  during  which  the  motion  of  the  sun  round  the 
;e  ronsider  the  earth  at  rest)  brings  the  line  of  sy^jgies  into  all 
*itb  rtspect  to  that  of  apsides. 
Lot  us  next  consider  the  action  of  the  tangential  force.     And 

through  the  (juadrant  A  D,  in  which  she  r<-eedf»  from  S,  there- 
..  670  the  apsides  rercih.  Throogb  D  B  the  force  m^tdcrala, 
■MOon  still  recc'lfs,  therefora  they  aiii:aiKe.  Through  B  £  the 
is,  and  the  moou  approaches,  therefore  they  continue  to  advance, 

thronghont  the  quadrant  E  A  the  force  accelerates,  and  the 
caches,  therefore  they  recede.  In  virtiy;  therefore  of  this  force, 
1  recede,  during  the  description  of  the  arc  E  A  D,  and  advance 
i  E,  hut  the  force  being  in  this  case  as  in  that  of  tbo  norinal 
powerful  at  apogee,  the  latter  will  preponderate,  and  the  apsides 
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■am  reterdini^  while  the  inward  action  of  the  normal  at  its  maximum  is 
mlj  half  tiie  maximum  of  its  outward.  Neither  is  there  that  difference 
it  Ihe  Client  of  the  arcs  over  which  the  halance  is  struck  in  thiS;  as  in 
Ae  odwr  eaae^  the  action  of  the  tangential  force  heing  inward  and  outward 
dtanmtely  OYer  equal  arcs,  each  a  complete  quadrant.  Whereas,  there- 
im,  in  tneing  the  action  of  the  normal  force,  we  found  reason  to  con- 
chide  it  much  more  eflSKSthre  to  produce  progress  of  the  apsides  in  their 
■fiUgj,  than  in  their  quadrature  situations,  we  can  draw  no  such  conclu- 
in  that  of  the  tangential  forces :  there  being,  as  regards  that  force,  a 
f^mmeiryf  in  the  four  qwdrantSj  while  in  regard  of  the  normal 
the  symmetry  is  only  a  half'Sifmmetry  having  relation  to  two  semi- 


(685.)  Taking  the  average  of  many  revolutions  of  the  sun  about  the 
MTth,  in  which  it  shall  present  itself  in  every  possible  variety  of  situations 
to  the  line  of  apsides,  we  see  that  the  effect  of  the  normal  force  is  to  pro- 
dwe  a  rapid  advance  in^  the  sysygy  of  the  apsides,  and  a  less  rapid  recess 
m  their  qnadraturei  and  on  the  whole,  therefore,  a  moderately  rapid  gene- 
al  advance,  while  that  of  the  tangential  is  to  produce  an  equally  rapid 
altanea  in  sysygy,  and  recess  in  quadrature.  Directly,  therefore,  the 
tmgential  force  would  appear  to  have  no  ultimate  influence  in  causing 
cither  increase  or  diminution  in  the  mean  motion  of  the  apsides  resulting 
from  the  action  of  the  normal  force.  It  does  so,  however,  indirectly, 
eonapiring  in  that  respect  with,  and  greatly  increasing,  an  indirect 
action  of  the  normal  force  in  a  manner  which  we  shall  now  proceed  to 
explain. 

(686.)  The  sun  moving  uniformly,  or  nearly  so,  in  tho  same  direction 
as  P,  the  line  of  apsides  when  in  or  near  the  syzygy,  in  advancing  follows 
the  ann,  and  therefore  remains  materially  longer  in  the  neighbourhood  of 
syiygj  than  if  it  rested.  On  the  other  hand,  when  the  apsides  are  in 
q[aadratuie  they  recede,  and,  moving  therefore  contrary  to  the  sun's 
motion,  remain  a  shorter  time  in  that  lui^rl.hourhood,  than  if  they  rested. 
Thus  the  advance,  already  preponderant,  is  lurrlc  to  preponderate  more 
hy  its  longer  continuance,  and  the  recess,  already  deficient,  is  rendered 
still  more  so  by  the  shortening  of  its  duration.*  Whatever  cause,  then, 
increases  directly  the  rapidity  of  both  advance  and  recess,  thnujh  it  may 
do  hoik  equally,  aids  in  this  indirect  process,  and  it  is  thus  that  the  tan- 
gential force  becomes  effective  through  the  medium  of  the  progress  already 
prodncedy  in  doing  and  aiding  the  normal  force  to  do  that  which  alone  it 
woold  be  unable  to  effect.  Tims  we  have  perturbation  exnggerating 
pertorbationi  and  thus  we  see  what  is  meant  by  geometers,  when  they 

*  Newton,  Princ.  i.  66.  Cor.  8. 
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I  a  considerable  part  of  tbe  motion  of  the  lunnr  opsiili-g  is  doe 

jtoiinintion  in  which  the  iofiuence  of  tbo  first  in  nltering  the 
;  problem  is  taken  inlfl  account. 

rhe  curious  and  eomplicaled  effect  of  perl orbat inn,  described  in 
tide,  Las  given  more  trouble  to  geometers  than  any  other  part 
ar  theorj-.     Newton  himself  had  8ueceeded  in  traoing  ihat  part 
ion  of  the  apogee  which  is  due  to  the  direct  action  of  the  radial 
finding  the  amount  only  half  what  obaervntion  assigns,  be 
have  abandoned  the  subject  in  desTJair.     Nor,  when  resumed 
^ssors,  did  the  iiiciiiirj,  for  a  very  long  period,  assume  a  more 
ispcet.      On  the  contrary,  Newton's  result  appeared  to  be  even 
erificd,  and  the  clabor^Lte  invcstigntions  which  were  lavished 
ubject  without  success,  began  to  excite  strong  doubts  whether 
:  of  the  lunar  motions  could  be  explained  at  all  by  the  New- 
of  graTitation.      The  doubt  was  removed,  however,  almost  in 
of  its  origin,  by  the  same  geometer,  Clairaut,  who  first  gave  it 
ind  who  gloriously  repaired  tbo  error  of  his  momentary  hedta- 
moaslraling  the  exact  coincidence  between  theory  and  ob.serv*- 
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(fimeaciiig  irith  the  normal  fbrec)  the  momentary  cbangc  of  excentri- 
dly  will  wiuli  at  ci,  h,  r,  dy  by  the  vanishing  of  that  force,  and  at  Z  and 
T  by  the  effect  of  aitaation  in  the  orbit  annulling  its  action  (art.  G71). 
la  the  am  Z  h  and  T  d  therefore  the  change  of  excentricity  will  be  small, 
Ae  acting  force  nowhere  attaining  either  a  great  magnitude  or  an  advan- 
tigeoiia  aitnation  within  their  limits.  And  the  force  within  these  two 
ana  having  the  same  character  as  to  inward  and  outward,  but  being  oppo- 
■lely  influential  by  reason  of  the  approach  of  P  to  S  in  one  of  them  and 
ki  neesa  in  the  other,  it  is  evident  that,  so  far  as  these  arcs  are  concerned, 
a  veiy  near  colnpensation  of  effects  will  take  place,  and  though  the  apo- 
gnl  are  T  d  will  be  somewhat  more  influential^  this  will  tell  for  little 
the  aTenge  of  a  revolution. 
(880.)  The  area  hDc  and  c^  £  a  are  each  much  less  than  a  quadrant 
axtenty  and  the  force  acting  inwards  throughoat  them  (which  at  its 
am  in  D  and  £  is  only  half  the  outward  force  at  A,  B)  degrades 
ipidly  in  intensity  towards  either  syzjgy  (see  art.  070).  Henoe 
whether  Z  be  between  6  c  or  &  A,  the  effects  of  the  force  in  these  arcs 
wiD  not  prodnce  very  extensive  changes  on  the  excentricity,  and  the 
which  it  does  produce  will  (for  the  reason  already  given)  be  op- 
to  each  other.  Although,  then,  the  rtc  adhe  farther  from  perigee 
ft  Cj  and  therefore  the  force  in  it  is  greater,  yet  the  predominance  of 
here  will  not  be  very  marked,  and  will  moreover  be  partially  nea- 
tnliiad  by  the  amali  predominance  of  an  opposite  character  in  Y  ^  over 
Eft.  On  the  other  hand,  the  arcs  a  Z,  c  T  arc  both  larger  in  extent  than 
either  of  the  others,  and  the  seats  of  action  of  forces  doubly  powerful. 
Their  influence,  therefore,  will  be  of  most  importance,  and  their  prepon- 
dennce  one  over  the  other  (being  opposite  in  their  tendencies),  will  decide 
the  question  whether,  on  an  average  of  the  revolution,  the  excentricity 
ahall  increase  or  diminish.  It  is  clear  that  the  decision  must  be  in  favour 
of  c  T^  the  apogeal  arc,  and,  since  in  this  the  force  is  ouhrards  and  the 
noon  receding  from  the  earth,  an  increage  of  the  excentricity  will  arise 
from  ita  influence.  A  similar  reasoning  will,  evidently,  lead  to  the  same 
eoDclosion  were  the  apogee  and  perigee  to  change  places,  for  the  directions 
ef  P'a  motion  as  to  approach  and  recess  to  S  will  be  indeed  reversed,  but 
al  the  aame  time  the  dominant  forces  will  have  changed  sides,  and  the 
are  a  A  Z  will  now  give  the  character  to  the  result.  But  when  Z  lies 
between  A  and  £,  as  the  reader  may  easily  satisfy  himself,  the  case  will 
be  altogether  different,  and  the  reverse  conclusion  will  obtain.  Ilcncc  the 
changea  of  excentricity  emergent  on  the  average  of  single  revolutions 
from  the  action  of  the  normal  force  will  be  as  represented  by  the  signs 
+  asd  —  in  the  figure  above  annexed.  « 
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()+-^)  put  of  a  jeirwill  have  gained  on  it  90^,  during  all  which  inter- 
«1  the  ^MO  will  haTe  been  in  the  quadrant  A  £  of  our  figure,  and  the 
tnentrieifcy  oontiniully  decreasing.  The  decrease  will  then  cease,  but 
ikb  ezoentriei^  ilaelf  will  be  a  minimum,  the  sun  being  now  at  righjb 
ngles  to  tlie  line  of  apaides.  Thence  it  will  increase  to  a  maximum 
when  ther  ran  has  gained  another  90°,  and  again  attained  the  line  of 
wfmdm,  and  so  on  alternately.  The  actual  effect  on  the  numerical  value 
of  the  lunar  exoentridtj  is  very  considerable,  the  greatest  and  least  excen- 
tiieities  being  in  the  ratio  of  3  to  2.' 

(692.)  The  motion  of  the  apsides  of  the  liinar  orbit  may  be  illustrated 
by  a  Teiy  pietty  mechanical  experiment,  which  is  otherwise  instructive  in 
living  ao  idea  of  the  mode  in  which  orbitual  motion  is  carried  on  under 
iht  aetion  of  eentral  forces  variable  according  to  the  situation  of  the 
nvolviDg  body.  Let  a  leaden  weight  be  suspended  by  a  brass  or  iron 
to  a  hook  in  the  under  side  of  a  firm  beam,  so  as  to  allow  of  its  free 
on  all  sides  of  the  vertical,  and  so  that  when  in  a  state  of  rest  it 
Asll  jnst  dear  the  floor  of  the  room,  or  a  table  placed  ten  or  twelve  feet 
the  hook.  The  point  of  support  should  be  well  secured  from 
to  and  fro  by  the  oscillation  of  the  weight,  which  should  be 
to  J^eep  the  wire  as  tightly  stretched  as  it  will  bear,  with  the 
Siitaiiity  of  not  breaking.  Now,  let  a  very  small  motion  be  communi- 
Sited  to  the  weighty  not  by  merely  withdrawing  it  from  the  vertical  and 
Istting  it  fall,  bnt  by  giving  it  a  slight  impulse  sideways.  It  will  be  seen 
to  deoeribe  a  regular  ellipse  about  the  point  of  rest  as  its  centre.  If  the 
vei^t  be  heavy,  and  carry  attached  to  it  a  pencil,  whose  point  lies 
aiaetly  in  the  direction  of  the  string,  the  ellipse  may  be  transferred  to 
p^ier  lightly  stretched  and  gently  pressed  against  it  In  these  circum- 
■ttnocsi  the  sitoation  of  the  major  and  minor  axes  of  the  ellipse  will 
remain  lor  a  long  time  very  nearly  the  same,  though  the  resistance  of  the 
sir  and  the  stiffness  of  the  wire  will  gradually  diminish  its  dimensions  and 
ezoentrieity.  But  if  the  impulse  communicated  to  the  weight  be  con- 
aidenibley  so  as  to  carry  it  out  to  a  great  angle  (15^  or  20^  from  the 
Yerticaly)  this  permanence  of  situation  of  the  ellipse  will  no  longer  subsist. 
Ita  axis  will  be  seen  to  shift  its  position  at  every  revolution  of  the  weight, 
adTaneing  in  the  same  direction  with  the  weight's  motion,  by  an  uniform 
and  regular  progression,  which  at  length  will  entirely  reverse  its  situation, 
bringing  the  dixeetion  of  the  longest  excursions  to  coincide  with  that  in 
'whidi  die  shortest  were  previously  made ;  and  so  on,  round  the  whole 
•  cude ;  and,  in  a  word,  imitating  to  the  eye,  very  completely,  the  motion 
of  the  apsides  of  the  moon's  orbit. 

'  Airy,  Gravitation,  p.  106. 
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t  inqniro  iobi  the  cuuse  of  tbia  progression  of  Uia 

[rill  Dot  be  difficult  of  Jetection.     Wbea  a  veigfat  is  KUFpcDded 

1  drawn  aside  from   the  vertical,  it  is  nrged  to  tbo  loweat 

litber  in  a  direction  st  every  instnnt  perpendicular  to  tlie  vire) 

Iwhicb  varii?s  as  the  sine  of  tbo  deviation  of  tbe  wire  from  tiis 

w,  the  sines  of  very  small  arcs  are  nearly  in  the  pn>- 

1  tbeiDselves ;    and  the  more  nearly,  as  tbo  arts  are 

■f,  therefore,  ihe  deviations  from  tbe  vertieni  be  so  fuiall  that 

l^lcct  tbe  curvature  of  (be  spberical  surface  in  which  the  weight 

regard  the  curve  described  as  coincident  wilh  its  projection  on 

.1  plane,  it  will  bo  then  moving  under  the  same  circuiiistanoeB 

J  a  revolving  body  attracted  to  a  centre  by  a  furce  Tarjfing 

I  the  distance;  and,  in  this  case,  tbe  cnrvo  described  would  bo 

s  centre  of  attraction  not  in  tbo  focu?,  but  in  the 

des  of  tbia  ellipse  would  remain  fixed.     Hut  if  the 

Bof  the  wcigbt  from  tbe  vertical  be  considerable,  the  force  urging 

Itbe  centre  will  deviate  in  its  law  from  tbe  simple  nilio  of  tho 

Ibciug  as  tbe  m'liCf  while  the  tiislanees  arc  as  the  arc.     Now.tbc 

n  increase  as  the  arc  increases,  yot  docs  not  Jn- 
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It  irill  requirea  longer  continued  action  of  the  central  force 
It  do  this;  and  before  it  is  accomplished;  more  than  a  quadrant  of  its 
molntioii  nnst  be  pawed  over  in  angular  motion  round  the  centre.  But 
u  only  stating  at  length,  and  in  a  more  circuitous  manner,  that  fiiot 
moie  briefly  and  sammarilj  expressed  hy  saying  that  the  apndes 
^  «b  mrhU  art  progremve.  Nothing  beyond  a  familiar  illustration  is  of 
aatna  intonded  in  vbat  is  above  said.  The  case  is  not  an  exact  parallel 
vitb  that  of  the  lonar  orbity  the  disturbing  force  being  simply  radial, 
in  the  lonar  orbit  a  transversal  force  is  also  concerned,  and  even 
it  othenriasy  only  a  confused  and  indistinct  view  of  aspidal  motion 
bo  obtained  from  this  kind  of  consideration  of  the  curvature  of  the 
path.  If  we  would  obtain  a  clear  one,  the  two  foci  of  the  in- 
dlipas  most  be  found  from  the  laws  of  elliptic  motion  per- 
nnder  Uie  influence  of  a  force  directly  as  the  distance,  and  the 
jdBal  cEstorbing  force  being  decomposed  into  its  tangential  and  normal 
the  momentary  influence  of  either  in  altering  their  positions 
ooDseqnently  the  directions  and  lengths  of  the  axis  of  the  ellipse 
bo  aaeeiteined.  The  student  will  find  it  neither  a  difficult  nor  an 
exercise  to  work  out  the  case  from  these  principles,  which 
im  oannoi  affisrd  the  qpaoe  to  do. 

(694.)  The  theory  of  the  motion  pf  the  planetary  apsides  and  the 
lariation  of  their  exoentricities  is  in  one  point  of  view  much  more  simple^ 
but  in  another  much  more  complicated  than  that  of  the  lunar.  It  is 
unpleri'  beoanse  owing  to  the  exceeding  minuteness  of  the  changes  ope- 
rated in  the  ooarse  of  a  single  revolution,  the  angular  position  of  the 
bodiea  with  respect  to  the  line  of  apsides  is  very  little  altered  by  the 
motion  of  the  apsides  themselves.  The  line  of  apsides  neither  follows 
up  the  motion  of  the  disturbing  body  in  its  state  of  advance,  nor  vice 
sers^i  in  any  degree  capable  of  prolonging  materially  their  advancing  or 
dustening  materially  their  receding  phase.  Hence  no  second  approxima- 
tion of  the  kind  explained  (in  art.  686),  by  which  the  motion  of  the  lunar 
apsides  is  so  poweifnlly  modified  as  to  be  actually  doubled  in  amount,  is 
at  all  required  in  the  planetary  theory.  On  the  other  hand,  the  latter 
Aeory  is  rendered  more  complicated  than  the  former,  at  least  in  the  cases 
cf  planets  whose  periodic  times  are  to  each  other  in  a  ratio  much  less  than 
18  to  ly  by  the  oonsideration  that  the  disturbing  body  shifts  its  position 
with  respect  to  the  line  of  apsides  by  a  much  greater  angular  quantity  in 
a  rerolation  of  the  disturbed  body  than  in  the  case  of  the  moon.  In  that 
OHS  we  were  at  liberty  to  suppose  (for  the  sake  of  explanation),  without 
any  Texy  egre^ons  error,  that  the  sun  held  nearly  a  fixed  position  during 
a  single  InnatioQ.    Bat  in  the  case  of  planets  whose  times  of  revolution 


OUTLINES    OF   ASTRONOMY.                                                1 

::h  lower  ratio  this  cannot  be  permitted.    la  the  cnse  of  Jupiter    ] 
>y  Saturn  for  esituiple,  in  one  Bidereal  revolution  of  Jupiter, 
advanced  in  its  orbit  with  respect  to  the  line  of  apsides  of     ' 
more  than   140°,  a  chango  of  directioQ  nhieh  entirely  alten 
ma  under  which  the  disturbing  forces  act     And  iu  the  case 
rior  disturbed  by  an  interior  planet,  the  situation  of  the  latter 
t  to  the  line  of  the  ap^^ides  varies  even  more  rapidly  than  the 
■  the  exterior  or  disturbed  planet  with  respect  to  the  central 
such  cases  then  the  reasoning  which  we  have  applied  to  the 

ID  also  the  exccntricity  of  the  orbit  of  the  disturbing  body, 
le  most  ilnporl*nt  cases  is  exceedingly  influential,  the  subject 
r  too  complicated  for  verbal  explanation,  and  can  only  be  soo- 
llowed  out  with  the  help  of  algebraic  expression  and  the  appli- 
le  integral  calculus.    To  Mercury,  Venus,  and  the  earth  indeed, 
i  by  Jupiter,  and  planets  superior  to  Jupiter,  this  objection  to 
ing  in  question  does  not  apply;   and  in  each  of  these  cases 
e  are  entitled  to  conclude  that  the  apsides  arc  kept  in  a  state 
-ion  by  the  action  of  all  the  larger  planets  of  our  Fjsteni- 
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fjnoptie  table  in  art.  673.  If  M,  the  disturbing  body,  be  supposed  to  be 
weccMively  placed  in  two  diametriciilly  opposite  situations  iu  its  orbit,  the 
aphelion  of  P  will  atand  related  to  ^I  in  one  of  these  situations  precisely 
aa  ita  perihelion  in  the  other.  Now  the  orbits  bein^  so  nearly  circles  as 
BBppoaedy  the  diatribntion  of  the  disturbing  forces,  whether  normal  or 
Ingontialy  ia  apnmetrical  relative  to  their  common  diameter  passing 
throagh  M,  or  to  the  line  of  syzygies.  Hence  it  follows  that  the  half  of 
Pa  oilHt  **  abont  perihelion''  (art.  673)  will  stand  related  to  all  the  acting 
in  the  one  utoation  of  M,  precisely  as  the  half  << about  aphelion" 
in  the  other:  and  also,  that  the  half  of  the  orbit  in  which  P  *'ap- 
inaehea  8/'  atanda  reUted  to  them  in  the  one  situation  precisely  as  the 
half  in  which  it  <' recedes  from  S**  innhe  other.  Whether  as  regards, 
therefore;  the  normal  or  tangential  force,  the  conditions  of  advance  or 
leeeaa  of  apadesy  and  of  increase  or  diminution  of  excentricitios,  are 
nveraed  in  the  two  supposed  cases.  Hence  it  appears  that  whatever 
■tnation  be  aangned  to  M,  and  whatever  influence  it  may  exert  on  P  in ' 
that  ntnationf  that  influence  will  be  annihilated  in  situations  of  M  and 
Tf  diametrioallj  opposite  to  those  supposed,  and  thus,  on  a  general 
areragei  the  effect  on  both  apsides  and  excentricities  is  reduced  to 
nothing. 

(697.)  If  the  orbits,  however,  be  cxcentric,  the  symmetry  above  in- 
abted  on  in  the  dutribution  of  the  forces  does  not  exist.    But,  in  the  first 
plaoCi  it  ia  evident  that  if  the  excentricities  be  moderate,  (as  in  the  planet- 
ary orbita,)  by  fiir  the  larger  part  of  the  effects  of  the  disturbing  forces 
dertrojs  itaelf  in  the  manner  describefl  in  tlie  last  article,  and  that  it  is 
only  a  residual  portion,  viz.  that  which  arises  from  the  greater  proximity 
qf  die  orbita  at  one  place  than  at  another,  which  can  tend  to  produce  per- 
manent or  secular  effects.     The  precise  estimation  of  these  effects  is  too 
complicated  an  aflair  for  us  to  enter  upon  ;  but  we  may  at  least  give  some 
idea  of  the  process  by  which  they  are  produced,  and  the  order  in  which 
they  arise.     In  so  doing,  it  is  necessary  to  distinguish  between  the  effects 
of  the  normal  and  tangential  forces.  The  effects  of  the  former  are  greatest 
at  the  point  of  conjunction  of  the  planets,  because  the  normal  force  itself 
ia  there  alwaya  at  its  maximum ;  and  although,  where  the  conjunction 
takes  place  at  90^  from  the  line  of  apsides,  its  effect  to  move  the  apsides 
ia  nullified  by  situation,  and  when  in  that  line  its  effect  on  the  excentri- 
eitiea  is  similarly  nullified,  yet,  in  the  situations  rectangular  to  these,  it 
acta  to  its  greatest  advantage.     On  the  other  hand,  the  tangential  force 
vanishes  at  conjunction,  whatever  be  the  place  of  conjunction  with  respect 
to  the  line  of  apsides,  and  where  it  is  at  its  maximum  its  effect  is  still 
liable  to  be  annulled   by  situation.     Thus  it  appears  that  the  normal 
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)sl  iiifluoDliul,  and  maiiilj  determiuea  the  cbaracter  of  the  gfr 
t.     It  ia,  therefore,  at  conjunttioa  -  that  the  most  iufluential 
oduced,  and  therefore,  tiu  the  long  average,  those  couj  unctionB    ' 
pea  about  tlie  place  wbcre  the  orbits  are  Dearest  will  detemiino 
1  cLaraotcr  of  the  effect.     Now,  the  nearest  points  of  approach 
ipse?,  which  have  a  conimon  focua,  may  be  variously  eiiuatod 
ct  to  the  perihelion  of  either.     It  may  be  at  the  porihelioa  or    ' 
)D  of  the  disturbed  orbit,  or  in  any  inlonuediate  position.    Sap- 
be  at  the  perihelion.     Then,  if  the  disturbed  orbit  be  interioF 
urbing,  the  force  acts  outwards,  and  therefore  the  apsides  re- 
xteiior,  the  force  actn  inwards,  and  tbey  odvanoc.     In  neither 
be  exccutricity  change.-    If  the  conjunction  take  place  at  ihs 
f  the  disturbed  orbit,  the  effects  will  be  reversed  :  if  interme- 
ipsidea  will  be  less,  aad  the  esceutricity  more  affected. 
Suppoein^  only  two  planets,  this  process  would  go  ou  till  the 
J  Cicentrieities  bad  so  fur  changed  as  to  alter  the  point  of 
proach  of  the  orbits,  so  as  eithai  to  accelerate  or  retard  sod 
verse  the  motion  of  the  apsides,  and  give  to  the  variation  of  the 
y  a  corresponding  periodical  character.     IJut  there  are  inany 
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$1  te  earth's  aqnatori  prevent  sny  secular  accumulation  of  small  changes, 
l|f  wUoh^  ID  the  lapee  of  agea^  its  elliptici tj  might  be  materially  increased 
ir  diwhiiJwl.  Aeooxdinglj,  obserration  shows  the  mean  ezcentricitj  of 
Iha  BMMMi'fl  orlttt  to  be  the  same  now  as  in  the  earliest  ages  of  astronomy. 
.  (700.)  The  morements  of  the  perihelia,  and  variations  of  excentricitj 
tf  te  plwetaiy  orbitiy  are  interlaced  and  complicated  together  in  the 

umer  and  nearly  by  the  nune  laws  as  the  variations  of  their  nodes 
indmalMma.    Eaoh  acta  npon  every  other,  and  every  sach  mutual 

poflratea  Ha  own  peculiar  period  of  circulation  or  compensation ; 
aveij  anoh  periodi  in  pursuance  of  the  principles  of  art.  650,  is 

propagated  throughout  the  system.  Thus  arise  cycles  upon  cycles, 
of  whose  eompound  duration  some  notion  may  be  formed,  when  we  con- 
afar  wh«t  18  the  length  of  one  such  period  in  the  case  of  the  two  prin- 
dpal  phuiela — Jupiter  and  Saturn.  Neglecting  the  action  of  the  rest, 
Ibo  cffieei  of  their  mutual  attraction  would  be  to  produce  a  secjular  varia- 
ion  in  the  exeentricity  of  Saturn's  orbit,  from  0*08409,  its  maximum, 
to  0-01345,  its  minimum  value :  while  that  of  Jupiter  would  vary  bc- 
tveen  the  narrow  limits,  0-06036  and  0*02606  :  the  greatest  exeentricity 
of  Jufuier  corresponding  to  the  least  of  Saturn,  and  vice  versd.  The 
period  in  which  these  changes  are  gone  through,  would  be  70414  years. 
After  this  example,  it  will  be  easily  conceived  that  many  millions  of  years 
mil  reqoiie  to  elapse  before  a  complete  fulfilment  of  the  joint  cycle  which 
shall  reatore  the  whole  system  to  its  original  state  as  far  as  the  excentri- 
citiea  of  its  orbits  are  concerned. 

(701.)  The  place  of  the  perihelion  of  a  planet's  orbit  is  of  little  con- 
.aeqnenoe  to  its  well-being;  but  its  exeentricity  is  most  important,  as  upon 
tl^  (the  axes  of  the  orbits  being  permanent)  depends  the  mean  tempera- 
ture of  ita  surface,  and  the  extreme  variations  to  which  its  seasons  may 
he  liable.  For  it  may  be  easily  shown  that  the  mean  annual  amount 
of  light  and  heat  received  by  a  planet  from  the  sun  is,  caeteris  paribusy 
aa  the  minor  axis  of  the  ellipse  described  by  it.  Any  variation,  there- 
tan,  in  the  exeentricity,  by  changing  the  minor  axis,  will  alter  the  mean 
temperatare  of  the  surfoce.  How  such  a  change  will  also  influence  the 
eztemea  of  temperature  appears  from  art.  368.  Now  it  may  naturally 
he  inquired  whether  (in  the  vast  cycle  above  spoken  of,  in  which,  at  some 
period  or  other,  conspiring  changes  may  accumulate  on  the  orbit  of  one 
planet  from  several  quarters,)  it  may  not  happen  that  the  exeentricity  of 
any  one  planet  —  as  the  earth  —  may  become  exorbitantly  great,  so  as  to 
labvert  those  relations  which  render  it  habitable  to  man,  or  to  give  rise  to 
ipeat  ohangeSy  at  least,  in  the  physical  comfort  of  his  state.  To  this  the 
rBaearchea  of  geometers  have  enabled  us  to  answer  in  the  negative.    A 
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}  been  demonstrated  by  Lagrange  between  the  maases,  axes  of 
and  exceutricities  of  each  planet,  BimiW  to  what  we  have  al- 
d  with  respeet  to  their  inclinationa,  vis.    that  if  the  mau  of 
',  he  multiplKd  by  Ae  tqtutre  root  ofAe  tLcU  o/iU  orhit,  and     i 
(  hi/  the  square  ofita  excentricilff,  the  ram  of  oil  mich  productu     . 
the  system  U  invariable  ;  and  hs,  la  point  of  fact,  this  aum  is 
small,  io  it  will  alwajB  remain.     Now,  rinoe  the  ajiea  of  the 
liable  to  no  secular  ohanges,  this  is  equivalent  to  gajing  that  do 
ball  increase  its  excentricity,  imlcBB  at  the  expense  of  a  common 
whole  amount  of  which  is,  and  must  for  ever  remain,  estremelj 

nothing  in  ihia  relalion,  hawerer,  liken  per  le,  Io  s«eura  ihe  amallcr  pia- 

ea,  or  any  one  of  ihem,  ihe  whola  aoiaunl  of  Ibia  txteiUncily  fund.     Bui 
«Kt  be !  Jupiler  and  Snlura  will  (Iwaya  retain  itie  lion's  shaje  of  it.     A 
rk  ippliea  lo  the  indin«tmnfund  of  art.  639.  Tbeae  fund;  be  il  obfler\-ed. 
:l  into  debt.     Evet7  tetm  of  ihem  is  easeniinlly  poBiiire. 

■ 
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CHAPTER  XIV. 

or  THB  IHSQUAUTIES  INDEPENDENT  OF  THE  EXCENTRICITIES. — THE 
noon's  VARIATION  AND  PARALLACTIC  INEQUALITT.  —  ANALOGOUS 
PLAmrTART  INEQUALITIES. — THREE  CASES  OF  PLANETARY  PERTUR- 
BATION DISTINQUISUED.  —  OF  INEQUALITIES  DEPENDENT  ON  THE 
KXCKNTBICimS. — LONO  INEQUALITY  OF  JUPITER  AND  SATURN. — 
LAW  or  RECIPROCITY  BETWEEN  THE  PERIODICAL  VARIATIONS  OF 
THE  ELB3CENT8  OF  BOTH  PLANETS. — LONG  INEQUALITY  OF  THE  EARTH 
AND  VKNU8. — ^VARIATION  OF  THE  EPOCH. — INEQUALITIES  INCIDENT 
ON  THB  EPOCH  AFFECTING  THE  MEAN  MOTION. — ^INTERPRETATION  OF 
THE  CONSTANT  PART  OF  THESE  INEQUALITIES. — ANNUAL  EQUATION 
OF  THE  MOON. — HER  SECULAR  ACCELERATION. — LUNAR  INEQUALI- 
TIES DUE  TO  THE  ACTION  OF  VENUS.  —  EFFECT  OF  THE  SPHEROIDAL 
FIGURE  OF  THE  EARTH  AND  OTHER  PLANETS  ON  THE  MOTIONS  OF 
THEm  SATELLITES. — OF  THE  TIDES. — MASSES  OF  DISTURBING  BODIES 
DEDUCIBLE  FROM  THE  PERTURBATIONS  THEY  PRODUCE.  —  MASS  OF 
THB  MOON,  AND  OF  JUPITER's  SATELLITES,  HOW  ASCERTAINED.  — 
PERTURBATIONS  OF  URANUS  RESULTIFG  IN  THE  DISCOVERY  OF 
NEPTUNE. 

(702.)  To  ealcalate  the  actual  place  of  a  planet  or  the  moon,  in  longp- 
tnde  and  latitude  at  any  assigned  time,  it  is  not  enough  to  know  the 
changes  produced  hj  perturbation  in  the  elements  of  its  orbit,  still  less  to 
know  the  seadar  changes  so  produced,  which  are  only  the  outstanding  or 
uncompensated  portions  of  much  greater  changes  induced  in  short  periodi 
of  ooofiguration.  We  must  be  enabled  to  estimate  the  actual  effect  on  its 
longitude  of  those  periodical  accelerations  and  retardations  in  the  rate  of 
its  mean  angular  motion,  and  on  its  latitude  of  those  deviations  above  and 
below  the  mean  plane  of  its  orbit,  which  result  from  the  continued  action 
of  the  periurbative  forces,  not  as  compensated  in  long  periods,  but  as  in 
the  act  of  their  generation  and  destruction  in  short  ones.  In  this  chapter 
we  porpose  to  give  an  account  of  some  of  the  most  prominent  of  the 
egmaiioni  or  inequalities  thence  arising,  several  of  which  aro  of  high  his- 
intenst^  as  having  become  known  by  observation  previous  to  the 
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discovory  of  their  Uiooretical  causes,  and  as  ba»ing,  by  tLei 
espknutioos  from  the  theory  of  graviiatioo,  reinoTisl  whit  n 
ingtancea  rogArded  as  formidable  objections  Dgiuost  thit  theory,  and  sffuK 
in  &11  most  satisfactory  aod  triutnphtiut  vcrilications  of  it. 

(703,)  We  sball  begin  with  (hose  which  compensate  thcmselvee  ti 
synodic  rcTolntion  of  the  dbturbed  and  disturbing  body,  aod  k 
independent  of  any  permanent  excentriciCy  of  either  orbit,  going  tlinn 
their  changes  aod  cffet-'ting  tbeir  compenaition  in  orbits  aligbtly  el" 
almost  precisely  aa  if  tbey  wero  circular.  These  inequalities  rcsi 
(act,  from  a  circulation  of  the  true  upper  focud  of  the  disturbed  e 
about  iUi  mean  place  in  a  curve  whose  form  and  magaitvde  the  p 
laid  down  in  the  last  chapter  enable  us  to  assign  in  any  proposed  o 
If  the  disturbed  orbit  be  circular,  this  mean  place  coiucideH  with  its  ou- 
tre :  if  elliptic,  with  ihe  situation  of  iu  upper  focus,  as  doteruiined  fwo 
the  principles  laid  down  in  the  Wt  chapter. 

(704.)  To  underslood  the  nature  of  this  circulaUoa,  we  muit  oormiiloT 
the  joint  action  of  the  two  elements  of  the  disturbing  force.  SuppoM  H 
to  be  the  plaoc  of  tiie  upper  focus,  correspoading  to  any  situation  F  of  tin 
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disturbed  body,  and  let  P  P'  be  an  infinitesimal  clcnient  of  its  orbit,  de- 
scribed in  an  instant  of  time.  Then  supposing  no  disturbing  force  to  set, 
P  F  will  be  a  portion  of  an  ellipse,  having  II  for  its  focns,  equallj 
whether  the  point  P  or  P'  be  regarded.  But  now  let  the  disturbing 
forces  act  during  the  instant  of  describing  P  I".  Then  the  focus  U  will 
sbift  its  position  to  H'  to  find  which  point  we  must  recollect,  1st.  What  ia 
demonstrated  (in  art.  671),  vir.  that  the  effect  of  the  normal  force  is  Ui 
vary  the  position  of  the  line  F  II  so  as  to  make  the  angle  II  P  11'  eqiul 
to  doable  the  variation  of  the  angle  of  taogency  due  to  the  action  of  tl)*t 
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widioat  altering  the  distance  P  H :  so  that  in  yirtne  of  the  normal 
fcrae  aloney  H  would  move  to  a  point  h^  along  the  line  H  Q^  drawn  from 
H  to  m  point  Q,  90^  in  advance  of  P,  (because  S  H  being  exceedingly 
wnXLj  the  angle  P  H  Q  may  be  taken  as  a  right  angle  wh^n  P  S  Q  is  so,) 
H  ofproaAmg  Q  if  the  normal  force  act  oiUvoards,  but  receding  from  Q 
if  inwarda.  And  aimilarly  the  effect  of  the  tangential  force  (art.  670)  is 
tD  my  the  podtion  of  H  in  the  direction  H  P  or  P  H,  according  as  the 
faree  fotarda  or  accelerates  P's  motion.  To  find  H'  then  from  H  draw 
H  P,  H  Q,  to  P  and  to  a  point  of  P's  orbit  OO""  in  advance  of  P.  On 
H  Q  lake  H  A,  the  motion  of  the  focus  due  to  the  normal  force,  and  on 
H  P  take  H  k  the  motion  due  to  the  tangential  force ;  complete  the 
paallelogram  H  H',  and  its  diagonal  H  H'  will  be  the  element  of  the 
trw  path  of  H  in  yirtne  of  the  joint  action  of  both  forces. 

(705.)  The  most  conspicuous  case  in  the  planetary  system  to  which  the 
above  reaaooing  is  applicable,  is  that  of  the  moon  disturbed  by  the  sun. 
The  inequality  thns  arising  is  known  by  the  name  of  the  moon's  varia- 
tion, and  waa  discovered  so  early  as  about  the  year  975  by  the  Arabian 
aatronomer  Aboul  WefaJ  Its  magnitude  (or  the  extent  of  fluctuation  to 
and  fro  in  the  moon's  longitnde  which  it  produces)  is  considerable,  being 
■o  leas  than  1^  4',  and  it  is  otherwise  interesting  as  being  the  first  ine- 
qoalitj  prodnoed  by  perturbation,  which  Newton  succeeded  in  explaining 
bj  the  theoiy  of  gravity.  A  good  general  idea  of  its  nature  may  be 
fimned  by  considering  the  direct  action  of  the  disturbing  forces  on  the  moon, 
anppoaed  to  move  in  a  circular  orbit.  In  such  an  orbit  undisturbed,  the 
velodi^  would  be  uniform ;  but  the  tangential  force  acting  to  accelerate 
her  motion  through  the  quadrants  preceding  her  conjunction  and  oppo- 
ntion,  and  to  retard  it  through  the  alternate  quadrants,  it  is  evident  that 
the  Telodfy  will  have  two  maxima  and  two  minima,  the  former  at  the 
ajiygieay  the  latter  at  the  quadratures.  Hence  at  the  syzygies  the  velocity 
will  exoeed  that  which  corresponds  to  a  circular  orbit,  and  at  quadratures 
will  fidl  short  of  it  The  true  orbit  will  therefore  be  less  curved  or  more 
flattened  than  a  circle  in  syzygies,  and  more  curved  (t*.  «.  protuberant  be- 
yond a  eirble)  in  quadratures.  This  would  be  the  case  even  were  the 
normal  force  not  to  act  But  the  action  of  that  force  increases  the  effect 
in  qnettion,  for  at  the  syzygies,  and  as  far  as  64^  14'  on  either  side  of 
Ihem,  it  acts  outwards,  or  in  counteraction  of  the  earth's  attraction,  and 
diereby  prevents  the  orbit  from  being  bo  much  curved  as  it  otherwise 
vonlcT  be ;  while  at  quadratures,  and  for  25°*46'  on  either  side  of  them, 
itaeta  inwardsi  aiding  the  earth's  attraction,  and'  rendering  that  portion 

'SediUol,  Noavelles  Recherchoi  pour  servir  a  rHistoire  de  rAstronomie  chez  .es 
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of  tlio  orbit  moro  curved  than  it  otherwise  would  be.  TLus  the  jiid, 
■otiuu  of  both  forces  distorts  the  OTbit  from  a  circle  into  n  flatieuud  <B' 
elliptio  form,  having  the  longer  axis  iu  (juadrjiturcs,  aod  the  sborUt  n, 
Bj2>gicH;  and  in  this  orbit  the  moon  moves  fontcr  than  with  her  niMf 
Telociitj  at  ByE^gj  (i.  e.  where  she  is  Dcorcat  the  earth)  and  slower  i(: 
quadratures  where  farthest.  Iler  angular  motion  about  the  earth  \t  thnh 
fore  for  both  reasons  greater  in  the  former  than  io  the  lulUr  Bitiutigi.1^ 
Hence  at  syzjgy  her  true  longitude  seen  from  the  earth  will  be  in  tbs  Nt 
of  gaining  on  her  mean, — in  quadrutures  of  losing,  and  at  Eome  iulem>' 
diate  pointa  (uot  verj  remote  from  the  octants)  will  neither  be  gaiiuifi 
nor  losing.  Hut  at  these  points,  huving  been  gainiiuj  or  losinij  thnfff^ 
the  whole  previous  90°  the  amount  of  yain  vr  lois  will  have  Bltained  il^ 
maximum.  ConBeqnentlj  at  the  octants  the  tme  longitude  will  deti*: 
most  from  the  mean  in  excess  uod  defect,  and  the  inequality  in  queste' 
is  therefore  nil  at  sy^ygies  and  quadratures,  and  altaius  its  nia;(iDui  n 
advBiiee  or  relArdation  at  the  octants,  which  is  agreeable  lo  observation.  ' 
(706.)  Let  us,  however,  now  ice  what  account  can  be  rendered  of  tUi' 
inequality  by  the  simultaneous  variations  of  the  axis  and  esuentrluljlk 
above  esplained.  The  tangential  force,  ns  will  he  recollected,  is  nilt, 
sjzygies  and  quadratures,  and  a  maximum  at  the  octants,  aecelerative  i|| 
the  quadrants  EA  and  DB,  and  retarding  in  AD  and  UK.  In  tlieM^ 
former  then  tho  axis  is  in  process  of  lengthening;  in  the  two  latter, doHi' 
ening,  Ou  (ho  other  hand  the  normal  force  vanishes  at  («,  l>,  .1, ')  64* 
14'  from  (ho  B3-zygies.  It  acts  outwards  over  c  Act,  1~R<1,  and  iniwrds 
over  uDti  and  d  E  f.  In  virtue  of  the  tangential  force,  then,  the  point 
H  moves  towards  P  when  P  is  in  AD,  BK,  and  from  it  when  in  DB, 
EA,  the  motion  being  wi7when  at  A,B,D,E,  and  most  rapid  when  »t 
the  octant  D,  at  which  points,  therefore,  (so  far  as  this  force  is  coneeroed,) 
tho  focus  H  would  have  its  mean  situation.  And  in  virtue  of  the  nonDiI 
focus,  tiic  motion  of  11  in  the  direction  II  Q  will  be  at  its  masimum  of 
rapidily  towards  Q  at  A,  or  B,  from  Q  at  Dor  E,  and  »i7,  ain,h,il,t.  It 
will  assist  us  iu  following  out  these  indicatinns  to  obtain  a  notion  of  ite 
form  of  the  curve  really  described  by  II,  if  we  trace  st|>arjtely  the  ptli* 
which  H  would  pursue  in  virtue  of  cither  motion  separately,  since  its  ime 
motion  will  necessarily  result  from  the  superposition  of  these  partial  mo- 
tions, because  at  every  instant  they  are  at  right  angles  to  each  otliiT,  aaJ 
therefore  cannot  iuterferc.  First,  then,  it  is  evident,  from  what  ne  have 
Eoud  of  the  tangential  force,  "that  when  P  is  at  A,  II  is  for  an  instSnt  at 
rest,  but  that  as  P  remift'cs  from  A  low.irds  D,  II  continually  npproadiM 
P  along  their  line  of  junction  H  P,  wliich  is,  therefurc,  at  oaeh  instuDt.! 
tanjjcnt  to  the  path  of  II.     AVhcn  P  is  in  the  octant,  H  is  at  its  meao 
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Jjrtanofl  from  P  (equal  to  P  S),  and  is  then  in  the  act  of  approaching  P 
mtmt  n|Mdlj.  From  thence  to  the  quadrature  D  the  movement  of  II  to- 
vnds  P  decieaaes  in  rapidity  till  the  quadrature  is  attained,  when  H  rests 
far  an  instuit^  and  then  begins  to  reverse  its  motion,  and  travel  from  P 
at  tlie  nine  rate  of  progress  as  before  towards  it.  Thus  it  is  clear  that, 
m  Tiitae  of  the  tangential  force  alone,  H  would  describe  a  four-cusped 
earra  a^d^bjej  its  direction  of  motion  round  S  in  this  curve  being  oppo- 
■la  to  that  of  P,  80  that  A  and  a,  D  and  d,  B  and  2>,  E  and  e,  shall  be 
aoneaponding  points. 

(707.)  Next  aa  regards  the  normal  force.  When  the  moon  is  at  A  the 
BOiioQ  of  H  IB  towards  D,  and  is  at  its  maximum  of  rapidity,  but  slackens 
aa  P  prooeeda  towards  D  and  as  Q  proceeds  towards  B.  To  the  curve 
deaeribedy  H  Q  will  be  always  a  tangent,  and  since  at  the  neutral  point  of 
the  normal  force  (or  when  P  is  64°  14'  from  A,  and  Q  64°  14'  from  D), 
llie  motion  of  H  is  for  an  instant  nil  and  is  then  reversed,  the  curve  will, 
have  a  cusp  at  I  oorresponding,  and  H  will  then  begin  to  travel  along  the 
wxe  Inif  while  P  describes  the  corresponding  arc  from  neutral  point  to 
neutral  point  through  D.  Arrived  at  the  neutral  point  between  D*and  B, 
the  motion  of  H  al6ng  Q  H  will  be  again  arrested  and  reversed,  giving 
nm  to  another  cnsp  at  m,  and  so  on.  Thus,  in  virtue  of  the  normal  force 
aetidg  alone,  the  path  of  H  would  be  the'  four-cusped,  elongated  curve 
imnOj  described  with  a  motion  round  S  the  reverse  of  P's,  and  having 
a,  dy  h,  e  for  pointa  corresponding  to  A,  B,  D,  E,  places  of  P. 

(70S.)  Nothing  is  now  easier  than  to  superpose  these  motions.    Sup- 
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U,  to  be  tbc  points  in  either  cuno  corresponding  to  P,  we 
g  to  do  but  to  set  from  off  S,  SA  ef\w\.  and  piniliel  to  S  H, 
iiirve  and  from  h,  h  H  equal  nud  parallel  to  S  H,  in  the  oihcr. 
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«B  repfesent  Sa,  or  8di  (for  they  are  equal)  by  2a,  Saj  by  2hy  and  Sd^  by 
Scy  then  will  the  aemiaxes  of  the  oval  adhe,  Sa  and  Sc/  be  respectively 
20+26  and  2a+2<;y  m  that  the  excentricities  of  the  niomentary  ellipses 
lA  A  and  D  will  be  leepectively  a + 2»  and  a-\-c.  The  total  amount  of  the 
dfect  of  the  tangentitd  force  on  the  axu^  in  passing  from  sjzygy  to  qua- 
IBlme,  will  e^ently  be  equal  to  the  length  of  the  .curvilinear  arc  a,  (/i 
(fig.  art  708),  which  is  necessarily  less  than  Sa,  +  S^,  or  4a.  There- 
Ion  the  total  effect  on  the  semiaons  or  distance  of  the  moon  is  less  than 
io,  and  the  excess  and  defect  of  the  greatest  and  least  values  of  this  dis- 
tuee  thus  varied  above  and  below  the  mean  value  S  A  =  1  (which  call  a) 
will  be  less  than  a.  The  moon  then  is  moving  at  A  in  the  pen  t/ee  of  an 
eUipsB  whose  semiazis  is  1+a  and  czcentricity  a-\'h,  so  that  its  actual 
fiitance  firom  the  earth  there  is  1+a  —  a  —  h,  vrhich  (because  a  is  less 
then  a)  is  less  than  1  —  b.  Again,  at  D  it  is  moving  in  apogee  of  an 
ellipse  whose  semiazis  is  1  — a  and  exccntricity  a  +  r,  so  that  its  distance 
ttea  from  the  earth  is  1^ — a+a+r,  which  (a  being  greater  than  a)  is 
gutter  than  l+<7  the  latter  distance  exceeding  the  former  by  2a — 2a + 

(710.)  Let  ns  next  consider  the  corresponding  changes  induced  upon 
the  mgnlar  Telocity.  Now  it  is  a  law  of  elliptic  motion  that  at  different 
pointB  of  different  ellipses,  each  difiering  very  little  from  a  circle^  the  an- 
gslar  velocities  are  to  each  other  as  the  square  roots  of  the  scmiaxes 
Jhattlj,  and  as  the  sqnares  of  the  distances  inversely.  In  this  case  the 
sraisins  ai  A  and  D  are  to  each  other  as  1 +a  to  1  — a,  or  as  1  : 1  — 2a; 
as  that  their  square  roots  are  to  each  other  as  1  : 1  —  a.  Again,  the  dis- 
tBDoea  bmngtoeach  other  as  1+a  —  a  —  h  :  1 — a+a+c,  the  inverse 
laiio  of  their  sqnares  (since  a,  a,  h,  r,  are  all  very  small  quantities)  is  that 
of  1 — 2d+2a+2c:l  +  2a— 2a— 2ft,orasl:l— 4a— 4a— 2&— 2c. 
The  angular  velocities  then  are  to  each  other  in  a  ratio  compounded  of  these 
two  proportions,  that  is  in  the  ratio  of 

1  :  l  +  3a— 4a  — 2ft  — 2r, 
wfaieh  is  eridently  that  of  a  greater  to  a  less  quantity.     It  is  obvious  also^ 
from  the  constitution  of  the  second  term  of  this  ratio,  that  the  normal 
font  is  tar  more  influential  in  producing  this  result  than  the  tangential. 

(711.)  In  the  foregoing  reasoning  the  sun  has  been  regarded  as  fixed 
Let  us  now  suppose  it  in  motion  (in  a  circular  orbit),  then  it  is  evident  that 
eft  equal  angles  of  dongaiion  (of  P  from  M  seen  firom  S),  equal  disturb- 
ing IbroeSy  both  tangential  and  normal,  will  act :  only  the  syzygies  and 
qwdraturesy  as  well  as  the  neutral  points  of  the  normal  force,  instead  of 
heiog  points  fixed  in  longitude  on  the  orbit  of  the  moon,  will  advance  on 
that  ortiit  with  a  uniform  angular  motion  equal  to  the  angular  motion  of 
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'hociispi<Iatedeurvea«,(7,;i,e,  and  <i,d,h,^t,fy-  art.  708,  nill, 
lo  longer  be  re-eateriag  curves ;  but  eacb  will  have  its  otupt 
(lul  aa  it  were  in  the  direttiou  of  the  sun's  motion,  so  as  to  io- 

ion  of  the  moon  (art.  41S).     And  if,  in  like  manner,  the  mo- 
!so  two  curves,  thus  aepiiratcJy  described  by  H,  be  compounded, 
ig  curve,  though  still  (loosely  speaking)  a  species  of  oval,  will 
into  itaclf,  but  will  make  successive  spiroidal  convolutions  aboat 
est  and  nearest  points  being  in  the  Hune  ratio  more  than  90° 

n  species  of  elliptic  spiroid,  having  its  least  distances  nlvays  in 
sjzjgies  and  its  greatest  in  that  of  quadratures.     It  ia  evident, 
iwing  to  the  longer  ccmtinuod  action  of  both  forces,  i.  e.  owing 
ter  arc  over  which  their  intensities  increase  and  decrease  by 
,  t!ie  branches  of  each  curve  between  the  cusps  will  be  longer, 
'ps  iheaisclves  will  bo  moi-e  remote  from  S,  and  in  the  same 

iniount  of  the  inequality  in  the  moon's  motion  which  (hey 
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Fig.  99. 


of  the  eompoQiidonl  in  which  the  focus  reall/ revolves,  which  wiU, 
IfcwfoffB,  be  M  in  the  annexed  figure.     Thus,  at  the  end  of  a  complete 
kaalioii,  the  6kiqb  will  have  shifted  its  place  from  «  to /in  a  line  parallel 
U  ike  line  of  qnadxetnres.    The  next  revolution,  and  the  next,  the  same 
tUng  would  happen.     Meanwhile,  however,  the  sun  has  advanced  in  its 
mtitf  and  the  line  of  quadratures  has  changed  its  situation  by  an  equal 
motion.    In  consequence,  the  next  terminal  situation  (^)  of  the 
will  noi  lie  in  the-  line  e/  prolonged,  but  in  a  line  parallel  to  the 
itofttioil  of  the  line  of  quadratures,  and  this  process  continuing,  will 
etidently  give  xiae  to  a  movement  of  circulation  of  the  point  e,  round  a 
■em  Btuation  in  an  annual  period ;  and  this,  it  is  evident,  is  equivalent 
to  an  amrail  dreolation  of  the  central  point  of  the  compound  oval  itself, 
ie  e  miell  -orbit  about  its  mean  position  S.    Thus  we  see  that  no  pcrma- 
BflBt  and  indefinite  increase  of  excentricitj  can  arise  from  this  cause; 
which  would  be  the  case,  however,  but  for  the  annual  motion  of  the  sun. 
(718.)  Inequalities  precisely  similar  in  principle  to  the  variation  and 
panllaetio  inequality  of  the  moon,  though  greatly  modified  by  the  different 
wlatiopi  of  the  dimensions  of  the  orbits,  prevail  in  all  coses  where  planet 
dirtorba  planet.     To  what  extent  this  modification  is  carried  will  be  evi- 
dent^ if  we  cast  our  eyes  on  the  examples  given  in  art.  612,  where  it  will 
bo  wen  that  the  disturbing  force  in  conjunction  often  exceeds  that  in 
oppoiition  in  a  very  high  ratio,  (being  in  the  case  of  Neptune  disturbing 
UranuB  more  than  ten  times  as  great.)     The  effect  will  be,  that  the  orbit 
deociribod  by  the  centre  of  the  compound  oval  about  S,  will  be  much 
frcater  relatively  to  the  dimensions  of  that  oval  itself,  than  in  the  case  of 
Ao  moon.     Bearing  in  mind  the  nature  and  import  of  this  modification, 
we  nay  jtrooeed  to  inquire,  apart  from  it,  into  the  number  and  distribution 
of  the  imd"?^*^^*»»t  in  the  contour  of  the  oval  itself,  arising  from  the  alter- 
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direcljon  j'li"  """^  ""'"'"  of  tlio  disturbing  forees  in  the  earn 
liio  revolution.     But  first  it  sbould  be  mentioned  tbat,  in  1 
citcrior  disturbed  by  an  interior  planet,  tlie  disturbing  bo^ 
otion  exceeds  Hint  of  tbe  disturbed.     Hence  P,  thougb  adn 
orlil,  recedes  relatively  lo  tbe  line  of  syiygies,  or,  wbich  cod 
c  tbiug,  the  Dcutml  poiota  of  either  force  overtake  it  in  taaH 
Qch,  OB  it  cornea  up  lo  it,  gives  rise  to  a  cusp  in  the  corresponfi 
r.     The  angles  between  the  Buccessive  cusps  will  therefoTB ' 

lie  same  constant  ratio  of  tbe  synodic  to  the  Bidereal  period  ef 
ever  is  now  a  ratio  of  less  inequality.  These  angles  theD  il 
cd  in  amplitude,  and,  for  the  same  reason  as  before,  the  exs 

he  foeus  will  bo  dimiDished,  and  the  more  so  the  shorter  m 

Since  the  cusps  of  either  curve  recur,  in  Bucoessive  Fynodk 
s  in  the  same  order,  and  at  the  sanie  angular  distanoea  tram 

londing  points  in  the  curve  resulting  from  their  superposition, 
urve,  evefy  cusp,  of  cither  constituent,  will  gi^e  rise  to  a  ooB- 
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■Ltwards,  or  from  accclcra^ug  to  rctiirding,  aud  vice  vena,  of  the  normal 
■d  tangcDtial  forces,)  in  a  complete  syuodio  revolution^  and  their  dbtri- 
lition  over  the  circumfereoce. 

(715.)  With  regard  to  these  changes,  it  is  neceasarj  to  distinguish 
jkee  cases,  in  which  the  perturbations  of  planet  bj  planet  are  very  dis- 
pet  in  character.  1st  When  the  disturbing  planet  is  exterior.  In  this 
mt  there  are  four  neutral  points  of  either  force.  Those  of  the  tangeor 
Id  force  occur  at  the  sjzjgies,  and  at  the  points  of  the  disturbed  orbit 
(which  we  shall  call  points  of  equidistance),  equidistant  from  the  sun 
lid  the  disturbing  planet  (at  which  points,  as  we  have  shown  (art.  614), 
fte  total  disturbing  force  is  always  directed  inwards  towards  the  sun.) 
Iboae  of  the  normal  force  occur  at  points  intermediate  between  these  last 
nentioned  points,  and  the  syzygies,  which,  if  the  disturbing  planet  be 
wnf  distant,  hold  nearly  the  situation  they  do  in  the  lunar  theory,  i,  e, 
eoD&derably  nearer  the  quadratures  than  the  syzygies.  In  proportion  as  the 
fitoioe  of  the  disturbing  planet  diminishes,  two  of  these  points,  viz.  those 
leirest  the  syzygy,  approach  to  each  other,  and  to  the  syzygy,  and  in  the 
nkeme  case,  when  the  dimensions  of  the  orbits  are  equal,  coincide  with  it. 

(716.)  The  second  case  is  that  in  which  the  disturbing  planet  is  inte- 
rior to  the  disturbed,  but  at  a  distance  from  the  sun  greater  than  half  that 
tf  Uie  btter.  In  this  case  there  are  four  neutral  points  of  the  tangential 
faee,  and  only  two  of  the  normal.  Those  of  the  tangential  force  occur 
it  the  syzygies,  and  at  the  points  of  equidistance.  The  force  retards  the 
fttnrbed  body  from  conjunction  to  the  first  such  points  after  conjunctioni 
ieeelerates  it  thence  to  the  opposition,  thence  again  retards  it  to  the  next 
point  of  equidistance,  6nd  finally  again  accelerates  it  up  to  the  conjunc- 
tion. As  the  disturbing  orbit  contracts  in  dimension,  the  points  of  equi- 
diBtance  approach;  their  distance  from  syzygy  from  60^  (the  extreme 
Bttie)  diminishing  to  nothing,  when  they  coincide  with  each  other,  and 
irith  the  conjunction.  In  the  case  of  Saturn  disturbed  by  Jupiter,  that 
iistance  is  only  23°  33'.  The  neutral  points  of  the  normal  force  lie 
somewhat  beyond  the  quadratures,  on  the  side  of  the  opposition,  and  do 
not  undergo  any  very  material  change  of  situation  with  the  contraction 
i(  the  disturbing  orbit. 

(717.)  The  third  case  is  that  in  which  the  diameter  of  the  disturbing 
interior  orbit  is  less  than  half  that  of  the  disturbed.  In  this  case  there 
lie  only  two  points  of  evanescence  for  either  force.  Those  of  the  tan- 
gential force  are  the  syzygies.  The  disturbed  planet  is  accelerated  through- 
out the  whole  semi-revolution  from  conjunction  to  opposition^  and  retarded 
from  opposition  to  conjunction,  the  maxima  of  acceleration  and  retardation 
oecnrring  not  fu  from  quadrature.     The. neutral  points  of  the  normil 
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(718.)  It  would  be  easy  now,  bearing  these  features  in  iDind,  to  trace 
m  nj  propoeed  cue  the  form  of  the  spiroid.  curve,  described/as  above 
oqilaiiwd,  by  the  upper  focus.  It  will  suffice,  however,  for  our  present 
pofpoaBi  to  ranarky  Ist^  That  between  every  two  successive  conjunctions 
cf  P  mod  M|  the  same  general  form,  the  same  subordinate  undulations, 
nd  the  mme  terminal  displacement  of  the  upper  focus,  are  continually 
wpeated,  Sdly,  That  the  motioa  of  the  focus  in  this  curve  is  retrograde 
whenerer  the  disturbing  planet  is  exterior,  and  that  in  consequence  the 
ipaidea  of  the  momentary  ellipse  also  recede,  with  a  mean  velocity  such 
M^  bat  fixr  that  displacement,  would  bring  them  round  at  the  each  con- 
JBaetion  to  the  same  relative  situation  with  respect  to  the  line  of  syzygies. 
Uly,  That  in  consequence  of  this  retrograde  movement  of  the  apse,  the 
dirtnrbed  planet^  apart  from  that  consideration,  would  be  twice  in  peri- 
heUo  and  twice  in  aphelio  in  its  momentary  ellipse  in  each  synodic  revo- 
btiaOy  jnat  as  in  the  ease  of  the  moon  disturbed  by  the  sun — and  that  in 
eonaequenoe  of  this  and  of  the  un^^ulating.  movement  of  the  focus  H  it- 
miij  an  inequality  will  arise,  analogous,  mutatis  mutandis  in  each  case,  to 
the  moon's  Tariation ;  under  which  term  we  comprehend  (not  exactly  in 
eonformity  to  its  strict  technical  meaning  in  the  lunar  theory)  not  only 
the  principal  inequality  thus  arising,  but  all  its  subordinate  fluctuations. 
And  on  this  the  parallactic  inequality  thus  violently  exaggerated  is 
suerpoaed. 

(719.)  We  come  now  to  the  class  of  inequalities  which  depend  for 
their  existence  on  an  appreciable  amount  of  peirmanerU  excentricity  in 
Ae  orbit  of  one  or  of  both  the  disturbing  and  disturbed  planets,  in  con- 
sequence of  which  all  their  conjunctions  do  not  take  phice  at  equal 
dislanoes  either  from  the  central  body  or  from  each  other,  and  therefore 
that  aymmetry  in  every  synodic  revolution  on  which  depends  the  exact 
mtoration  of  both  the  axis  and  excentricity  to  their  original  values  at  the 
pletion  of  each  such  revolution  no  longer  subsists.     In  passing  from 

ijonction  to  conjunction,  then,  there  will  no' longer  be  effected  a  com- 
plete restoration  of  the  upper  focus  to  the  same  relative  situation,  or  of 
the  axis  to  the  same  length,  which  they  respectively  had  at  the  outset 
At  the  same  time  it  is  not  less  evident  that  the  differences  in  both  re- 
spects are  only  what  remain  outstanding,  after  the  compensation  of  by  far 
the  greater  part  of  the  deviations  to  and  fro  from  a  mean  state,  which 
oocor  in  the  course  of  the  revolution ;  and  that  they  amount  to  but  small 
fiaotions  of  the  total  excursions  of  the  focus  from  its  first  position,  or  of 
the  increase  and  decrease  in  the  length  of  the  axis  effected  by  the  direct 
action  of  the  tangential  foroe,  —  so  small,  indeed,  that,  unless  owing  to 
pecoliar  adUnstments  they  be  enabled  to  accumulate  again  and  again  at 
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conjuBttions  in  tlie  sume  direcUoa,  tliey  would  be  allogethei 
;  of  any  csp«cmt  notice  in  u  work  of  litis  outuro.     Such  lA- 
iiowcver,  would  evidcotlj  eiiat  if  the  periodic  times  of  tita 
c  eiuctly  commensurable;  siiicfj  ia  that  cose  »ll  tlie  poasiblo     i 
IS  whicb  could  ever  iiappcD  (tbe  dcmouU  not  being  inaterialt; 
'ould  take  {lUce  at  fixed  poiota  in  longitude,  tbe  iuteroiediatg 

[)uted,  their  relations  to  the  lines  of  Bynimetrj  in  the  orhita 
issimilar,  some  cue  most  be  more  ioflUeatial  tbun  tbe  rest  on 
elements  (uot  nect'ssarilj  the  lame  upon  all).    Consequently, 

ifluenee  of  that  one  on  tbe  clement  to  which  it  stands  so  espe- 

'  the  re^t,  and  thus,  although  in  sueh  a  cycle  bg  ubovc  specified 
nd  much  more  exact  compensation  will  have  btca  effected  in 
lan  in  a  single  revolution,  sjill  that  compensation  will  not  hs 
lot  a  portion  of  the  effect  (be  it  to  increase  or  to  diminish  tha 
f  or  the  axis,  or  M  cause  the  apse  to  advance  or  to  recede,) 
1  ontHtanding.     In  the  next  cycle  of  the  same  kind  tbia  will  bo 
n^hyeguI^UU^^hyamyharactcyn^^m^^ 
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Ik  azeetB  of  tction,  &r  seTeral  such  triple  conjunctioas  (7  or  8)  in  sac- 
0anoo,  will  lie  the  same  way,  and  at  each  of  them  the  elements  of  P's 
flAifc  and  ita  angular  motion  will  bo  similarly  influenced,  so  as  to  accn- 
Mihto  tlie  effect  upon  its  longitude;  thus  giving  rise  to  an  irregularity 
e(  eoMwdfiTiMo  magnitude  and  very  long  period,  which  is  well  known  to 
MtRMunaen  by  the  name  of  the  great  inequality  of  Jupiter  and  Saturn. 

(721.)  The  arc  8^  6'  is  contained  44  j  times  in  the  whole  circumference 
flf  S60^;  and  accordingly,  if  we  trace  round  this  particular  conjunction, 
^1  ahall  find  it  will  rotom  to  the  same  point  of  the  orbit  in  so  many 
tines  21760  days,  or  in  2648  years.  But  the  conjunction  we  are  now 
tOBBdering  is  only  one  out  of  three.  The  other  two  will  happen  at 
|giats  of  the  orbit  about  123^  and  246^  distant,  and  thaie  points  also  will 
^Ammcs  1^  the  same  arc  of  8®  6'  in  21760  days.  Consequently  the 
fsriod  of  2648  years  wRl  bring  them  all  round,  and  in  that  intcr\'al  each 
of  them  will  pass  through  that  point  of  the  two  orbits  from  which  we 
SBBuncnoed :  hence  a  conjitnction  (one  or  other  of  the  three)  will  hiippcn 
•I  that  point  once  in  one  third  of  this  period,  or  in  883  years ;  and  this 
if^  Iherefoiey  the  cycle  in  which  the  ''great  inequality"  would  undergo 
its  fall  compensation,  -did  the  elements  of  the  orbits  continue  all  that 
time  invariable.  Their  yariation,  however,  is  considerable  in  so  long  an 
ntnral;  and,  owing  to  this  cause,  the  period  itself  is  prolonged  to  about 
818  jaen. 

(722.)  We  have  selected  ()bis  inequality  as  the  most  remarkable  in- 
stsnoo  of  this  kind  of  action  on  account  of  its  magnitude,  the  length  of 
lis  period,  and  its  high  historical  interest.  It  had  long  been  remarked 
hf  astronomers,  that  on  comparing  together  modem  with  ancient  observa- 
tions of  Jupiter  and  Saturn,  the  mean  motions  of  these  planets  did  not 
^pear  to  be  uniform.  The  period  of  Saturn,  for  instance,  appeared  to 
haTO  been  lengthening  throughout  the  whole  of  the  seventeenth  century, 
sad  that  of  Jupiter  shortening — that  is  to  say,  the  one  planet  was  con- 
stsntTj  lagging  behind,  and  the  other  getting  in  advance  of  its  calculated 
phee.  On  the  other  hand,  in  the  eighteenth  century,  a  process  precisely 
ike  reverse  seemed  to  be  going  on.  It  is  true  the  whole  retardations  and 
asDeleiations  observed  were  not  very  great ;  but,  as  their  influence  went  on 
saenranlating,  they  produced,  at  length,  material  differences  between  the 
cbserred  and  calculated  places  of  both  these  planets,  which  as  they  could 
not  then  be  accounted  for  by  any  theory,  excited  a  high  degree  of  atten- 
tion, and  were  even,  at  one  time,  too  hastily  regarded  as  almost  subversive 
of  die  Newtonian  doctrine  of  gravity.  For  a  long  while  this  diff.  rence 
baflkd  every  endeavour  to  account  for  it;  till  at  length  Laplace  pointed 
26 
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Q  in  ihc  near  comJiiensursLiliiy  of  the  tnenn  motions,  as  above 
Hucceedcd  in  calculating  its  period  and  anjount. 
!'lio  inequality  in  question  nmounte,  nt  its  masiraum,  (o  an  al- 
ii and  loss  of  about  0"  49'  in  (he  longitude  of  Saturn,  and  a 
ng  loss  and  gain  of  about  0°  21'  in  thai  of  Jupiter.     That  an 
1  in  the  one  planet  must  necessarily  be  accouipnied  by  a  re- 
i  the  other,  might  appear  at  first  sight  self-evident,  if  we  con- 
action  and  reaction  being  equal,  and  in  contrary  direetioDS, 
aomcntum  Jupiter   communicates  to   Ralurn   in  the   direction 

:  P.     The  one,  thcrcfiire,  it  might  seem  to  be  plausibly  argoed, 
gged  forward,  wbencTer  the  other  is  pulled  back  in  its  orWt. 
ICO  is  correct,  so  fur  a»  iht  'jciifral  and  final  rrsiill  y(w«;  but 
ng  by  which  it  would,  on  the  first  glance,  appear  to  be  thus 
estjiblishcd  iit  fallacious,  or  at  least  incomplete.     It  is  perfectly 
batever  momentum  Jupiter  communicates  directly  to  Saturn, 
raunicaies  an  equal  momentum  to  Jupiter  in  an  opposite  linear 
But  it  is  not  nith  the  nbFinlute  motions  of  the  two  planets  in 
we  arc  now  concerned,  but  with  the  relatiTe  motion  of  each 
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6r  as  a  distnrbance  of  their  elliptic  motions  about  the  common  centre  of 
gravity  of  the  tystem  in  alone  ret/ardcd,  whatever  disturbance  of  velocity 
is  generated  in  the  one,  a  contrary  disturbance  of  velocity  (only  in  the 
iovene  tmtio  of  the  masscf^  and  modified,  though  never  contradicted,  by 
the  directions  in  whicH  they  are  respectively  moving),  will  be  generated 
in  the  other.  Now  when  we  are  considering  only  inequalities  of  long 
period  comprehending  many  complete  revolutions  of  both  planets,  and 
which  arise  from  changes  in  the  axes  of  the  orbits,  affecting  their  mean 
motianif  it  matters  not  whether  we  suppose  these  motions  performed 
about  the  ommon  centre  of  gravity,  or  about  the  sun,  which  never  de- 
parts from  that  centre  to  any  material  extent  (the  mass  of  the  sun  being 
SBch  in  comparison  with  that  of  the  planets,  that  that  centre  always  lies 
mthin  his  surface.)  The  mean  motion  therefore,  regarded  as  the  average 
angnhir  Telocity  during  a  revolution,  is  tho  same  whether  estimated  by 
referenoe  to  the  sun's  centre,  or  to  the  centre  of  gravity,  or,  in  other 
voids,  the  relative  mean  motion  referred  to  the  sun  is  identical  with  the 
afanluta  mean  motion  referred  to  tho  centre  of  gravity. 

.  (724.)  This  reasaning  applies  equally  to  every  case  of  mutual  disturb- 
fluee  resulting  in  a  long  inequality  such  as  may  arise  from  a  slow  and 
kng-eontinned  periodical  increase  and  diminution  of  the  axes,  and  geom- 
•tera  have  accordingly  demonstrated  as  a  consequence  from  it,  that  the 
ynportioD  in  which  such  inequalities  affect  the  longitudes  of  the  two 
^nets  ooDoemed,  or  the  maxima  of  the  excesses  and  defects  of  their 
hmgitodes  above  and  below  their  elliptic  values,  thence  arising,  in  each, 
VB  to  each  other  in  the  inverse  ratio  of  their  masses  multiplied  by  the 
square  roots  of  the  major  axes  of  their  orbits,  and  this  result  is  confirmed 
hj  ohaemitioni  and  will  be  found  verified  in  the  instance  immediately  in 
qoesliofi  as  nearly  as  the  uncertainty  still  subsisting  as  to  the  masses  of 
the  two  planets  will  permit.  , 

(725.)  The  inequality  in  question,  as  had  been  observed  in  general, 
(art  718,)  would  be  much  greater,  were  it  not  for  the  partial  compensa- 
tioD  which  is  operated  in  it  in  every  triple  conjunction  of  the  planets. 
Suppose  PQR  to  be  Saturn's  orbit,  and  p^r  Jupiter's;  and  suppose  a 
conjunction  to  take  place  at  Pj?,  on  the  lino  S  A;  a  second  at  123^  dis- 
tanoe,  on  the  line  S  B;  a  third  at  246°  distance,  on  S  C  ;  and  the  next  at 
868%  on  8  D.  This  last-mentioned  conjunction,  taking  place  nearly  in 
the  situation  of  the  first,  will  produce  nearly  a  repetition  of  the  first  efiect 
in  retarding  or  accelerating  the  planets ;  but  the  other  two,  being  in  tho 
most  remote  situations  possible  from  the  first,  will  happen  under  entirely 
diffiBnot  oirenmstances  as  to  the  position  of  the  perihelia  of  the  orbits. 

Now,  we  hsTS  seen  that  a  presentation  of  the  one  planet  to  the  other  in 
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eonjunctiou,  in  a  Tariety  of  situations,  fenda  to  produce  comppnsalion  | 
and,  in  fnpt,  tlje  greatest  possible  amount  of  compensation  wLith  tao  te 
prodaood  by  only  three  conjunctions  i^  when  they  are  thns  equally  J* 
tributfld  round  tbe  centre,  Honco  we  Bte  that  it  is  not  the  whole  ninoml 
of  perturbation  nhich  is  thus  accumulated  in  oiich  triple  conjunctiun,  bu 
only  tliat  Email  part  which  is  left  uncompensated  by  the  inlcrnodine 
ones.  The  rcttder,  who  possesses  already  some  aoquaintanoc  with  ibe 
mbject,  will  not  1)c  at  a  loss  to  perceive  how  this  consideration  is,  in  bit, 
equivalent  to  that  part  of  the  geometrical  investigation  of  thb  ineqaJiij 
vhich  leads  ns  to  seek  its  expressian  in  terms  of  the  third  order,  or  in- 
Tolving  the  cubes  and  producfa  of  three  dimensions  of  the  exconlricitia 
and  inclinations;  and  how  the  continual  accumulation  of  small  qnantitiei, 
during  long  periods,  corresponds  to  what  geometers  intend  when  thej 
speak  of  small  terms  receiving  great  accessions  of  magnitude  by  the  intro- 
duction of  large  coefficients  in  the  process  of  integration. 

(726.)  Similar  considerations  apply  to  every  case  of  approximate  com- 
menaurability  which  can  lake  place  among  the  mean  motions  of  any  tiro 
planets.  Such,  for  instance,  is  thnt  which  obtains  between  the  mean 
motion  of  the  earth  and  Venus, — 13  times  tbe  period  of  Venus  being  vcrj 
nearly  e(]ual  to  8  times  that  of  the  earth.  This  gives  rise  to  an  eiirenielj 
near  coincidence  of  every  fifth  conjunction,  in  the  same  parts  of  each  orbil 
(within  J  ]  jth  part  of  a  circumference,)  and  therefore  to  a  correspond! Dglj 
extensive  accumulation  of  the  resulting  uneompenaated  perturbation. 
But,  on  the  other  hand,  the  part  of  ihc  perturbation  thus  accumulated  is 
only  that  which  remains  outstanding  after  passing  the  cr[Ualizing  ordeal 
of  five  cnnjunctiona  equally  distributed  round  the  circle;  or,  in  the  lan- 
guage of  geometers,  is  dependent  on  powers  and  products  of  the  eiccn- 
tricitjes  and  inclinations  of  the  fifth  order.  It  is,  therefore,  eilremelj 
minute,  and  the  whole  resulting  inequality,  according  to  the  elaborate 
calcnlatiOQB  of  Mr.  Airy,  to  whom  it  owes  its  detection,  amounts  to  no 
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more  than  a  few  secondB  at  its  mazimam;  while  its  period  is  no  less  than 
240  years.  This  example  will  serve  to  show  to  what  minuteness  these 
inquiries  have  been  carried  to  the  planetary  theory. 

(727.)  That  variations  of  long  period  arising  in  the  way  above  described 
tre  neoossarily  accompanied  by  similarly  periodical  displace  men  ts  of  the 
upper  focii8|  equivalent  in  their  effect  to  periodical  fluctuations  in  tho 
magnitode  of  the  excentricity,  and  in  the  position  of  the  Hue  of  apsides, 
is  evident  from  what  has  been  already  said  respecting  the  motion  of  the 
upper  focos  under  the  influence  of  the  disturbing  forces.  In  the  case  of 
circalar  orbits  the  mean  place  of  H  coincides  with  S  the  centre  of  the  sun, 
but  if  the  orbits  have  any  independent  ellipticity,  this  coincidence  will  no 
longer  exist  —  and  the  mean  place  of  the  upper  focus  will  come  to  be 
inferred  from  the  average  of  all  the  situations  which  it  actually  holds 
dazing  an  entire  revolution.  Now  the  fixity  of  this  point  depends  on  the 
equality  of  each  of  the  branches  of  the  cuspidated  curves,  and  consequent 
equality  of  excursion  of  the  focus  in  each  particular  direction,  in  every 
sitnation  of  the  line  of  conjunction.  But  if  there  be  some 
line  of  conjunction  in  which  these  excursions  arc  greater  in  any  one 
particalar  direcdon  than  in  another,  the  mean  place  of  the  focus  will  be 
ditp1aoed|  and  if  this  process  be  repeated,  that  mean  place  will  continue 
to  deviate  more  and  more  from  its  original  position,  and  thus  will  arise  a 
drenlation  of  the  mean  place  of  the  focus /or  a  revolution  about  another 
mean  ntnation,  the  average  of  all  the  former  mean  places  during  a  com- 
plete cyde  of  conjunctions.  Supposing  S  to  be  the  sun,  0  the  situation 
the  upper  focus  would  have,  had  these  inequalities  no  existence,  and  H  K 
the  path  of  the  upper  focus,  which  it  pursues  about  0  by  reason  of  them, 
then  it  is  evident  that  in  the  course  of  a  complete  cycle  of  the  inequality 
in  questioDy  the  excentricity  will  have  fluctuated  between  the  extreme 
Emits  SJ  and  SI  and  the  direction  of  the  longer  axis  between  the 
extreme  position  S  H  and  S  K,  and  that  if  we  suppose  ijhk  to  be  the 
corresponding  mean  places  of  the  focus,  ij  will  be  the  extent  of  the  fluctu- 
ation of  the  mean  excentricity,  and  the  angle  h  s  Jc,  that  of  the  longitude 
of  the  perigee. 

(728.)  The  periods  then  in  which  these  fluctuations  go  through  their 
phases  are  neeessarily  equal  in  duration  with  that  of  the  inequality  in 
longitude,  with  which  they  stand  in  connexion.  But  it  by  no  means 
(bllows  that  their  maxima  all  coincide.  The  variation  of  the  axis  to  which 
that  of  the  mean  motion  corresponds,  depends  on  the  tangential  force  only 
vfaose  maximum  is  not  at  conjunction  or  opposition,  but  at  points  remote 
from  either,  while  the  excentricity  depends  both  on  tho  normal  and  tan- 
gential forceSi  ihe  maximum  of  the  former  of  which  is  at  the  conjunction 
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ular  conjunction  therefore,  wbich  is  most  ioBueatia!  on  the 

the  maiimutu  value  of  tho  axis  ooincides  with  the  niasimuni, 
uium  of  the  excentricitj,  or  with  the  greatest  eseursion  to  or 
ioe  of  apsidea  from  its  mean  situation,  all  that  can  be  safety 
that  03  either  the  asis  or  the  eicentrieity  of  the  one  orbit 
of  the  other  will  vary  in  the  opposite  direction. 

VABIATION  OF  THB  EPOCH.  407 

Bent  under  the  title  "Epoch  of  the  mean  loDgitade/'  the  mean  longitude 
of  the  planet  so  compated  for  a  fixed  date ;  as,  for  instance,  the  commence- 
ment of  the  year  1800,  mean  time  at  a  given  place.  Supposing  now  all 
elementa  of  the  orhit  inyariable,  if  wc  were  to  go  through  thiB  reverse 
prooesBy  and  Uios  ascertain  the  epoch  (so  defined)  from  any  number  of 
diflerent  perfectly  correct  heliocentric  longitudes,  it  is  clear  we  should 
always  oome  to  the  same  result  One  and  the  same  ''epoch"  would  come 
out  firom  all  the  calculations. 

(730.)  Considering  then  the  ''epoch''  in  this  light,  as  merely  a  result 
of  thifl  reversed  process  of  calculation,  and  not  as  the  direct  result  of  au 
otnerration  instituted  for  the  purpose  at  the  precise  epochal  moment  of 
time,  (which  would  he,  generally  speaking,  impracticable,)  it  might  be 
ecneeived  subject  to  variation  in  two  distinct  ways,  viz.  dcpendently  and 
independently.     Dependently  it  must  vary,  as  a  necessary  consequence  of 
die  variation  of  the  other  elements;  because,  if  setting  out  from  one  and 
the  same  observed  heliocentric  longitude  of  the  planet,  we  calculate  back 
Id  the  epoch  with  two  different  sets  of  intermediate  elements,  the  one  set 
consisting  of  Uiose  which  it  had  immediately  before  its  arrival  at  that 
kngitodey  the  other  that  which  it  takes  up  immediately  after  (i*.  e.  with 
an  unvaried  and  varied  system),  we  cannot  (unless  by  singular  accident  of 
imi^T*^  oonntcraction)  arrive  at  the  satiie  result ;  and  the  difference  of  the 
lasolts  is  evidently  the  variation  of  the  epoch.     On  the  other  hand,  how- 
sver,  it  eannot  vary  independently ;  for  since  this  is  the  only  mode  in 
which  the  unvaried  and  varied  epochs  can  become  known,  and  as  both 
ranlt  from  direct  processes  of  calculation  involving  only  given  data,  the 
ranhs  can  only  differ  by  reason  of  the  difference  of  those  data.     Or  we 
■ay  argue  thus.     The  change  in  the  path  of  the  planet,  and  its  place  in 
that  path  so  changed,  at  any  future  time  (supposing  it  to  undergo  no  fur- 
ther variation),  are  entirely  owing  to  the  change  in  its  velocity  and  direc- 
tion, produced  by  the  disturbing  forces  at  the  point  of  disturbance ;  now 
these  latter  changes  (as  we  have  above  seen)  are  aynipleteli/  represented  by 
the  momentary  change  in  the  situation  of  the  upper  focus,  taken  in  com- 
bination with  the  momentary  variation  in  the  plane  of  the  orbit;  and  these 
therefore  express  the  total  effect  of  the  disturbing  forces.    There  is,  thcre- 
tan^  no  direct  and  specific  action  on  the  epoch  as  an  independent  variable. 
It  is  simply  left  to  accommodate  itself  to  the  altered  state  of  things  in  the 
node  already  indicated. 

(731.)  Nevertheless,  should  the  effects  of  perturbation  by  inducing 
dumges  on  these  other  elements  affect  the  mean  longitude  of  the  planet 
m  any  other  way  than  can  be  considered  as  properly  taken  account  of,  by 
the  varied  periodic  time  due  to  a  change  of  axis,  such  effects  must  be  re- 
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inciJent  oa  the  epoch.     Thia  is  the  case  with  a  very  corionA' 
turbationa  which  we  are  now  to  consider,  anil  whieh  have  theS? 
1  allemtioo  of  the  average  difllance  at  which  the  disturbed  body 
every  inslant  of  a  eomplele  revolutioOj  distinct  from,  and  not 
out  by  the  variation  of  the  mojor  sciiii-aiis,  or  momentary 
taiice"  which  is  an  imaginary  magnitude,  to  be  carefully  disdn- 
□1  the  averge  of  the  actual  distances  now  contemplated.     Per- 
of  this  class  (like  the  moon's  variation,  with  which  they  are 
■oonected)  are  independent  on  the  exceDtrioity  of  the  disturbed 
rhich  reason  we  shall  simplify  our  treatment  of  this  part  of  the 
supposing  that  orbit  to  have  no  pomiaoout  eseeutricity,  the 

ncident  with  the  lower.     Wc  shall  also  suppObC  M  very  dis- 
the  lunar  theory. 

Icferriug  to  what  is  said  in  arts.  706  and  707,  and  to  the  fifures 
ng  those  articles,  and  considering  first  the  effect  of  the  tangential 
re  that  besides  the  effect  of  that  force  iu  changing  the  length 
,  aad  coascqiicQtly  the  periodic  tiiuc,  it  causes  the  upper  focus 
ibe,  in  each  revolution  of  1',  a  fuur-cusped  curve,  a,  ft,  d,  t, 
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Aa  diBturbiiig  fbroe.  Although,  therefore,  in  perigee  at  Bjzjgies  and  ia 
ipogee  at  quadratarai,  the  apogenl  recera  is  much  greater  than  the  perigeal 
wgfnmchf  iii«nniich  bb  8  d  greatly  exceeds  S  a.  On  the  average  of  a 
vkole  revolution,  then,  the  recesses  will  preponderate,  and  the  average 
dateoce  will  therefore  he  greater  in  the  disturbed  than  in  the  undisturbed 
oAit  And  it  is  manifest  that  this  conclusion  is  quite  independent  of  any 
oknge  in  the  length  of  the  ^xis,  which  the  normal  force  has  no  power  to 
pndnce. 

(784.)  But  neither  does  the  normal  force  operate  any  change  of  linear 
filocity  in  the  disturbed  body.  When  carried  out,  therefore,  by  the 
of  that  force  to  a  greater  distance  from  S,  the  angular  velocity  of  its 
round  8  will  be  diminished :  and  contrariwise  when  brought  nearer. 
Ihe  average  of  all  the  momentary  angular  motions,  therefore,  will  de- 
enaae  with  the  increase  in  that  of  the  momentary  distances ;  and  in  a 
Uglier  ratio,  since  the  angular  velocity,  under  an  equable  description  of 
UiBB,  is  inversclj  as  the  square  of  the  distance,  and  the  disturbing  force, 
knng  (in  the  case  supposed)  directed  to  or  from  the  centre,  docs  not  dis- 
tnb  that  equable  description  (art.  G16).  Consequently,  on  the  average 
ef  a  whole  reyolution,  the  angular  motion  is  slower,  and  therefore  the  time 
of  ooDpleting  a  revolution,  and  returning  to  the  same  longitude,  longer 
flan  in  the  undisturbed  orbit,  and  (hat  independent  of  and  without  any 
lefaence  to  the  length  of  the  momentary  axis,  and  the  ''  periodic  time  *' 
sr  ''mean  motion"  dependent  thereon.  We  leave  to  the  reader  to  follow 
OBt  (as  is  easy  to  do)  the  same  train  of  reasoning  in  the  cases  of  planetary 
perairbaLion,  when  M  is  not  very  remote,  and  when  it  is  interior  to  the 
diitarbed  orbit.  In  the  latter  case  the  preponderant  effect  changes  from 
a  retardation  of  angular  velocity  to  an  acceleration,  and  the  dilatation  of 
the  average  dimensions  of  P's  orbit  to  a  contraction. 

(735.)  The  above  is  an  accurate  analysis,  according  to  strict  dynamical 
prineiples,  of  an  effect  which,  speaking  roughly,  may  be  assimilated  to  an 
siteration  of  M's  gravitation  towards  S  by  the  mean  preponderant  amount 
of  the  outward  and  inward  action  of  the  normal  forces  constantly  exerted 
—nearly  as  would  be  the  case  if  the  mass  of  the  disturbing  body  were 
fanned  into  a  ring  of  uniform  thickness,  concentric  with  S,  and  of  such 
diameter  as  to  exert  an  action  on  P  everywhere  ef[ual  to  such  mean  pre- 
ponderant force,  and  in  the  same  direction  as  to  inwards  or  outwards.  For 
it  is  clear  tliat  the  action  of  such  a  ring  on  P,  will  be  the  difference  of  its 
attractions  on  the  two  points  P  and  S,  of  which  the  latter  occupies  its 
centre,  the  former  is  excentric.  Now  the  attraction  of  a  ring  on  its 
•entre  is  manifestly  equal  in  all  directions,  and  therefore,  estimated  in 
any  one  direction,  is  zero.    On  the  other  hand,  on  a  point  P  out  of  its 
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nearest  point  of  the  ring,  or  directly  from  the  centre.'     Birt 
ihout  the  ring,  tbe  resulting  force  will  act  alwajs  inwanU, 
wards  its  centre.     Hence  it  appeurs  that  tbe  luean  efioct  of 
irce  of  the  ring  will  be  different  in  its  Jireclion,  accordiog  u 
■  the  disturbing  bodj  is  exterior  or  interior  to  that  of  the  Jii- 
1  the  former  case  it  will  act  in  diminuttoD,  in  the  latter  in 
-la  of  tbe  central  gravilj. 

tcgnrJing,  alill,  only  tbe  mean  effect,  aa  produced  in  a  great 
revolutions  of  both  bodiesi,  it  is  evident  that  such  an  inereaae 
orcc  will  be  accompanied  with  a  diminution  of  periodic  time 
e  of  a  body  revolving  with  a.  stated  velocity,  and  vice  ver$tL 

hove  shown,  is  the  first  and  moat  obvious  effect  of  tbe  radial 
disturbing  force,  when  exactly  analyzed.    It  altera  permanentlj, 
rtaiu  tiieaa  amount,  tbe  distances  and  times  of  revolution  of 

le  angular  motion  of  the  interior  bodies  of  the  eystem  being 
■ud  less,  and  those  of  the  exterior  greater,  than  on  that  suppo- 
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J  be  MOflidercd  as  adding  to  the  general  aggregate  of  the  attract- 
within,  which  ia  not  the  less  efficient  for  being  distributed  over 
and  maintained  in  a  state  of  circulation. 
(787.)  This  efieot^  however,  is  one  which  wo  have  no  means  of  mea- 
or  even  of  detcctiDg^,  otherwise  than  by  calculation.  For.  our 
of  the  periods  of  the  planets  is  drawn  from  observations  made 
m  them  in  their  actual  state,  and  therefore  under  the  influence  of  this, 
wfcieh  ninj  be  regarded  as  a  sort  of  constant  part  of  the  perturbative 
eir  observed  mean  motions  are  therefore  affected  by  the  whole 
4  of  its  inflnence ;  and  we  have  no  means  of  distinguishing  this  by 
from  the  direct  effect  of  the  sun's  attraction,  with  which  it  is 
Our  knowledge,  however,  of  the  masses  of  the  planets  assures 
m  that  it  is  extremely  small ;  and  this,  in  fact,  is  all  which  it  is  at  all 
iapQrtnnt  to  ns  to  know,  in  the  theory  of  their  motions. 
(788.)  The  action  of  the  sun  upon  the  moon,  in  like  manner,  tends,  by 
infioenoe  during  many  successive  revolutions  of  both  bodies,  to 
permanently  the  moon's  distance  and  periodic  time.  But  this 
average  is  not  established,  either  in  the  case  of  the  moon  or 
without  a  series  of  subordinate  fluctuations,  which  we  have  pur- 
ytaelj  neglected  to  take  account  of  in  the  above  reasoning,  and  which 
flhvioaalj  tend,  in  the  average  of  a  great  multitude  of  revolutions,  to 
aentimliae  each  other.  In  the  lunar  theory,  however,  some  of  these  sub- 
Mdinate  flnotnations  are  very  sensible  to  observation.  The  most  conspi- 
of  these  is  the  moon's  annual  equation ;  so  called  because  it  consists 
an  alternate  increase  and  decrease  in  her  longitude,  corresponding  with 


Fig.  105. 


^ 


Ae  earth's  situation  in  its  annual  orbit ;  i,  e.  to  its  angular  distance  from 
tihe  perihelion,  and  therefore  having  a  year  instead  of  a  month,  or  aliquot 
pert  of  a  month,  for  its  period.  To  understand  the  mode  of  its  produc- 
tion, let  us  suppoee  the  sun,  still  holding  a  fixed  position  in  longitude,  to 
epproach  gradually  nearer  to  the  earth.  Then  will  all  its  disturbing  forces 
be  gradually  increased  in  a  very  high  ratio  compared  with  the  diminution 
of  the  distance  (being  inversely  as  its  cube ;  so  that  its  effects  of  every 
kind  are  three  times  greater  in  respect  of  any  change  of  distance,  than 
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be  liy  tbe  simple  law  of  prnportionaJitj).     IleDce,  it  is  ob\-i«B     , 
IU9  H  (art.  707 )  in  tbe  act  of  describing  each  intercuspidal  ara     1 
■e  a,  d,  h,  e,  will  be  continually  eatried  out  fortber  and  fartber 
id  Ibo  ourve,  ini-tcad  of  reluming  into  itself  at  tbe  end  of  aacb 
will   open  out  into  a  sort  of  cuspidated  spiral,  as  in  tbe  figufB 
Retrwing  now  tbe  reasoning  of  art.  733,  aa  adapted  to  tliii 
n^,  it  wilt  bo  seen  tbat  bo  loug  as  tbis  dilatation  goes  on,  ta    1 
Ue  difference  between  Wa  recess  from  3  in  aphelio  aiid  its    , 

I  peribelio  (whicb  is  equal  to  tbe  difference  of  coneeculive  long 
.^midianiotcrs  of  tbis  curve)  also  continue  to  increase,  and  with 
3ge  of  the  distances  of  M  from  8  in  a  wbole  revolution,  and 
y  also  Ibe  time  of  performing  ducb  a  revolution.     Tbe  revcrae 
.  go  on  as  (be  sun  again  recedes.     Tbus  it  appears  that,  as  tko 
■hes  the  eartbj  the  mean  angular  motion  of  the  moon  on  ths 

a  whole  revolution  will  diminish,  and  the  duration  of  each 

II  therefore  oseeed  that  of  iho  foregoing,  and  vwe  tirsu. 

?he  moon's  orbit  being  supposed  circular,  tbe  sun's  orbitutl 
have  no  other  effect  than  to  keep  tbe  moon  longer  under  tbe 
'  every  gradation  of  the  disturbing  force,  than  would  have  been 
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oe  the  poinft  of  again  declaring  the  theory  of  grayity  inadequate  to 
ito  €Kpluialioii|  otfam  were  for  rejecting  altogether  the  evidence  on  which 
k  wrted,  altiMMgh  quite  aa  satisfactory  as  that  on  which  most  historical 
an  eiedited.  It  was  in  this  dilemma  that  Laplace  once  more 
in  to  leaeue  phyaieal  astronomy  from  its  reproach,  by  pointing  out 
Ihe  ml  eune  of  the  phsBOomenon  in  question,  which,  when  so  explained, 
ii  OM  of  the  most  earions  and  instructive  in  the  whole  range  of  our  sub- 
JMl^— -one  which  leads  cor  speculations  farther  into  the  past  and  future, 
piiinta  to  kwger  vistaa  in  the  dim  perspective  of  changes  which  our 
hflo  undeigone  and  b  yet  to  undergo,  than  any  other  which  obser- 
leninffid  by  theory  has  developed. 
(741.)  The  year  is  not  an  exact  number  of  lunations.  It  consists  of 
twlra  and  a  fraction.  Snppoeing  then  the  sun  and  moon  to  set  out  from 
e^jmetioo  ti^ther;  at  the  twelfth  conjunction  subsequent  the  sun  will 
aai  have  retomed  precisely  to  the  same  point  of  its  annual  orbit,  but  will 
Idl  aomewhat  ihori  of  It,  and  at  the  thirteenth  will  have  overpassed  it. 
Heaee  in  twelve  lonationa  the  gain  of  longitude  during  the  first  half  year 
will  be  aomewhat  under  and  in  thirteen  somewhat  over-compensated.  In 
taentf«x  it  will  be  nearly  twice  as  much  over-compensated,  in  thirty-nine 
Mi  qoito  ao  nearly  three  times  as  much,  and  so  on,  until,  after  a  certain 
naaber  of  aoch  mnltiplea  of  a  lunation  have  elapsed,  the  sun  will  be 
hal/a  revolation  in  advance,  and  in  place  of  receding  fiirthcr  at  the 
of  the  nezt>  it  will  have  begun  to  approach.  From  this  time 
anoeeeding  cycle  will  destroy  some  portion  of  that  over-compensa- 
nntil  a  complete  revolution  of  the  sun  in  excess  shall  be  accom- 
pBahed.  Thoa  ariaea  a  subordinate  or  rather  supplementary  inequality, 
having  for  ite  period  aa  many  years  as  is  necessary  to  multiply  the  defi- 
dani  aie  into  a  whole  revolution,  at  the  end  of  which  time  a  much  more 
aiaat  oompenaation  will  have  been  operated,  and  so  on.  Thus  after  a 
moderate  number  of  years  an  almost  perfect  compensation  will  be  cffcctcd| 
and  if  we  extend  our  views  to  centuries  we  may  consider  it  as  quite  so. 
SoA  at  least  would  be  the  case  if  the  solar  ellipse  were  invariable.  But 
that  ellipae  is  kept  in  a  continual  but  excessively  slow  state  of  change  by 
the  action  of  the  planets  on  the  earth.  Its  axis,  it  is  true,  remains  unal- 
tend;  but  ite  ezoentricity  is,  and  has  been  since  the  earliest  ages,  dimin- 
iahing;  and  thia  diminution  will  continue  (there  is  little  reason  to  doubt) 
tin  the  excentricity  ia  annihilated  altogether,  and  the  earth's  orbit  becomes 
a  per&ot  circle ;  after  which  it  will  again  open  out  into  an  ellipse,  the 
eieentrioity  will  again  increase,  attain  a  certain. moderate  amount,  and 
then  again  decieaae.  The  time  required  for  these  evolutions,  though 
iplaiihlito,  haa  not  been  ealoulated,  farther  than  to  aatiafy  ua  that  it  ia 
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I  Kekoncd  ti;  hundreds  or  b^  thousaoda  of  years.     It  is  a  perloil^ 

in  whicl)  the  whole  history  of  astronomy  and  of  the  human  nMi 

but  as  it  were  a  point,  during  which  all  its  changes  ore  to  ba 

Bs  uDiform.     Ni)w,  it  is  by  this  variatinn  in  the  eiccntrioity  <f 

s  rirbit  that  the  secular  acceleration  of  the  moon  is  caused.     TlMi 

tion  above  spoken  of  (even  after  the  lapse  of  centuries)  will  doW'^ 

)  only  imperfectly  effected,  owing  to  this  alow  sliifiing  of  coa 

;ntial  data.     The  eleps  of  restoration  are  no  longer  idcotintl 

equal  to,  those  of  change.     The  struggle  up  hill  is  not  msii^ 

h  equal  terms  with  the  downward  tendency.     The  ground  is  all 

p  slowly  sliding  beneath  the  feet  of  the  antagonists.     During  tiie 

e  that  the  earth's  eseentrieity  is  diminishing,  a  preponderance 

I  the  reaction  over  the  action ;  and  it  is  not  Ull  that  diminutin 

:;,  that  the  tables  will  be  turned,  and  the  process  of  nltimftts 

will  commence.     Meanwhile,  a  minute,  outstanding,  and  OB- 

lited  effect  in  favour  of  acceleration  is  left  at  each  recurrence,  or 

(rrence,  of  the  same  configurations  of  (he  sun,  the  moon,  and  ii» 

These  acoamulate,  and  at  length  affect  the  moon's  Iod^- 

Q  extent  not  to  be  overlooked. 

phjcnomenon,  of  which  vc  have  now  given  an  account,  ii 
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of  this  will  be  readily  npprehendcd,  if  we  consider  that  however 
•tfCng  the  inoreue  of  her  longitude  which  would  arise  in  a  single  revolu- 
jiflDy  from  a  minute  and  almost  infinitesimal  increase  of  her  mean  anga- 
ht  iriociljy  that  increase  is  not  only  repeated  in  each  suhsequent  revola- 
JoBy  bat  ia  reinforced  daring  each  by  a  similar  fresh  accession  of  angular 
JMtioD  generated  in  its  lapse.  This  process  goes  on  so  long  as  the  anga- 
kr  motion  oontinoee  to  increase^  and  only  begins  to  be  reversed  when 
Ji|M  of  time,  bringing  roond  'a  contrary  action  on  the  angular  motion, 
JUl  liave  destroyed  the  excess  of  velocity  previously  gained,  and  begun 
4»  operate  a  retardation.  In  this  respect,  the  advance  gained  by  the  moon 
ea  her  ondiBtarbed  place  may  be  assimilated,  during  its  increase,  to  the 
described  from  rest  under  the  action  of  a  continually  accelerating 
The  velodty  gained  in  each  instant  is  not  only  effective  in  carry- 
tha  body  forward  during  each  subsequent  instant,  but  new  velocities 
ereiy  instant  generated,  and  go  on  adding  their  cumulative  effects  to 

before  produced. 

(744.)  The  distance  of  the  earth  from  the  sun,  like  that  of  the  moon 
4om  the  earth,  may  be  affected  in  its  average  value  estimated  over  long 
periods  embradng  many  revolutions,  in  two  modes,  conformably  to  the 
theoty  above  delivered.  Ist,  it  may  vary  by  a  variation  in  the  length  of 
As  axis  major  of  its  orbit,  arising  from  the  direct  action  of  some  tangen- 
.fial  disturbing  force  on  its  velocity,  and  thereby  producing  a  change  of 
mean  motion  and  periodic  time  in  virtue  of  the  Keplerian  law  of  periods, 
vhich  deolares  that  the  periodic  times  are  in  the  scsquiplicate  ratio  of  tho 
mean  distances.  Or,  2dly,  it  may  vary  by  reason  of  that  peculiar  action 
en  the  average  of  actual  distances  during  a  revolution,  which  arises  from 
wriationsi)f  ezcentricity  and  perihelion  only,  and  which  produces  that 
-sort  of  change  in  tho  mean  motion  which  we  have  characterized  as  inci- 
dent on  the  epoch.  The  change  of  mean  motion  thus  arising,  has  nothing 
whatever  to  do  with  any  variation  of  the  major  axis.  It  docs  not  depend 
on  the  change  of  distance  by  the  Keplerian  law  of  perlwhy  but  by  that 
of  artoM.  The  altered  mean  motion  is  not  sub-sesquiplicate  to  the  altered 
of  the  ellipse,  which  in  fact  does  not  alter  at  all,  but  is  mh-dupli- 
to  the  altered  average  of  dhtances  in  a  revolution ;  a  distinction 
wlueh  must  be  carefully  borne  in  mind  by  every  one  who  will  clearly  un- 
dantand  either  the  subject  itself,  or  the  force  of  Newton's  explanation 
of  it  in  the  6th  Corollary  of  his  celebrated  6Gth  Proposition.  In  which- 
eier  mode,  however,  an  alteration  in  the  mean  motion  is  effected,  if  we 
accommodate  the  general  sense  of  our  language  to  the  specialities  of  tho 
esse,  it  remains  true  that  every  change  in  the  mean  motion  is  accompa- 
■iad  with  a  corresponding  change  in  the  mean  distance. 
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S'ovr  we  lave  seen  (art.  72G),  tUut  Venm  produces  in  tlie  earth 
ioo  ill  iengitude,  of  so  long  a  period  (ii-iO  jears),  that  it  cid> 
regurded  uitbout  violeuce  to  ordinary  language,  otbcntisc  than 
ioa  of  the  mean  motion.     Of  raurae,  tiierefore,  it  fJlows  that 
liulf  of  this  long  period  of  lime,  in  whitb  tbe  earth's  motioa 
tlie  dihtunc«  between  tbo  eun  and  earth  is  on  tbe  iuercase,  and 
Minulc  as  is  tbe  e((UU[ion  in  question,  aud  oonscijuent  altciu-  ' 
ar  distanee,  nud  almost  inconceivably  minulo  as  'a  the  etfeet''  , 
D  the  muou'u  mcDU  angular  velocity  in  a  single  lunation,  y«t 
number  of  lunations  (14S4),  during  wbich  the  cffc-ot  goes  on 
Dg  in  one  direction,  causes  tbe  moon,  at  tbe  moment  when  that 
on  lias  attained  its  maximum  lo  bo  very  senaiblj  in  advunce  of 
rbed  place  (viz.  by  23"  of  longitude),  and  after  14S4  mom 
aa  much  in  arrear.     The  calculations  by  wbich  this  curious 
been  eslablisbed,  fonnidabie  from  their  length  and  intricaoj, 
the  industry,  as  tbe  discovery  of  its  origin  is  to  the  sagacity, 
r  Hansen. 
'he  action  of  Venus,  just  explained,  is  indirect,  being  aa  H 
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l»  the  law  deadHbed.  Eaeh  of  these  periodically  acting  forces  produces 
Hi  pgrturhitiTe  effeot|  aooordiDg  to  the  law  of  the  superposition  of  small 
M  if  the  othen  had  no  existence.  And  if  it  happen,  as  in  an 
.mijorifty  of  cases  it  does,  that  the  cycle  of  any  particular  one  of 
partial  fiiroee  has  no  relation  to  the  periodic  time  of  the  disturbed 
kodjy  BQ  aa  to  bring  it  to  the  same;  or  very  nearly  the  same  point  of  its 
mHikf  or  to  any  ntoation  fiivonrable  to  any  particular  form  of  disturbance, 
Oier  and  oiver  again  when  the  force  is  at  its  maximum ;  that  force  will,  in 
a  inr  sevolationsy  nentraliie  its  own  effect,  and  nothing  but  fluctuations 
of  brief  duration  can  result  from  its  action.  The  contrary  will  evidently 
bt  die  euCi  if  the  cyde  of  the  force  coincide  so  nearly  with  the  cycle  of 
the  Boon'a  anomalistic  revolution^  as  to  bring  round  the  maximum  of  the 
faoe  acting  in  one  and  the  same  direction  (whether  tangential  or  normal) 
other  aociuatelyy  or  very  nearly  indeed  to  some  definite  point,  as,  for  cx- 
aaple,  the  apogee  of  her  orbit.  Whatever  the  effect  produced  by  such  a 
iiee  on  the  angular  motion  of  the  moon,  if  it  be  not  exactly  compen- 
Hted  in  one  cyde  of  its  action,  it  will  go  on  accumulating,  being  repeated 
tier  and  over  again  under  circumstances  very  nearly  the  same,  for  many 
Mfiecarive  revolutions,  until  at  length,  owing  to  the  want  of  precise  accu- 
BMiy  in  the  adjustment  of  that  cycle  to  the  anomalistic  period,  the  maxi- 
wm  of  the  force  (in  the  same  phase  of  its  action)  is  brought  to  coincide 
with  a  point  in  the  orbit  (as  the  perigee),  determinative  of  an  opposite 
dbel^  uid  thuBy  at  length,  a  compensation  will  be  worked  out ;  in  a  time, 
hovcveri  bo  much  the  longer  as  the  difference  between  the  cycle  of  the 
tanb  and  the  moon's  anomalistic  period  is  less. 

(747.)  NoW|  in  fiict,  in  the  case  of  Venus  disturbing  the  moon,  there 
euti  a  eyelical  combination  of  this  kind.  Of  course  the  disturbing  force 
of  Yenua  on  the  moon  varies  with  her  distance  from  the  earth,  and  this 
«Kf*fim»ft  again  depends  on  her  configuration  with  respect  to  the  earth  and 
the  enn,  taking  into  account  the  eUipticity  of  both  their  orbits.  Among 
the  eombinations  which  take  their  rise  from  this  latter  consideration,  and 
which,  as  may  easily  be  supposed,  are  of  great  complexity,  there  is  a  term 
(an  exeeedinglj  minute  one),  whose  argument  or  cycle  is  determined  by 
■abtraeting  16  times  the  mean  motion  of  the  earth  from  18  times  that  of 
Yenua.  The  difference  is  so  very  nearly  the  mean  motion  of  the  moon 
in  her  anomalistic  revolution,  that  whereas  the  latter  revolution  is  com- 
pleted in  27'  18^  18"  82-3«,  the  cycle  of  the  force  is  completed  in  27  > 
18*  7*  SS-fr,  diflbring  from  the  other  by  no  more  than  10"  5G-7%  or 
■bout  one  8625th  part  of  a  complete  period  of  the  moon  from  apogee  to 
ipc^gee.  During  half  of  this  very  long  interval  (that  is  to  say,  during 
ibout  186i  yean),  the  perturbations  produced  by  a  force  of  this  character, 
27 
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he  lunar  perturbations,  that  we  cannot  omit  gome  espIaQatorj 
;,  especially  since  many  persona  find  a  strange  difficulty  in  con- 
manner  in  which  they  are  produced.     That  the  sun,  or  moon, 
its  attraetion  heap  up  the  waters  of  the  ocean  under  it,  soems 
ry  natural.     That  it  should  at  the  same  time  heap  them  up  on 
0  side  seetus,  on  the  contrary,  potpabiy  absurd.     The  error  of 
f  objectOTB  is  of  the  same  kind  with  that  noticed  in  art.  723, 
a  in  disregarding  the  attraetion  of  the  disturbing  body  on  the 
a  earth,  and  looking  on  it  as  wholly  effeetire  on  the  superficial 
ere  the  earth  indeed  absolutely  fixed,  held  in  its  place  by  an 
rce,  and  the  water  left  free  to  move,  no  doubt  the  effect  of  the 

liaturbing  body.     But  it  is  not  by  its  whole  attraetion,  but  bj 

:r(J  mass,  that  the  waters  are  raised  :  just  as  in  the  theory  of 
the  difference  of  the  sun's  attraetiona  on  the  moon  and  on  th« 
jded  as  moveable  and  as  obeying  that  amount  of  attraction 
le  to  its  situation)  gives  rise  to  a  relatice  tendency  in  the  moon 
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of  IIm  fltrth)  urges  P  towwds  S,  will  be  equivalent  to  a  Bingle  force 
dmiliiig  from  the  direction  PS  towards  X.  Suppose  PT  to  be  the  di- 
naCioii  of  this  finoe,  which,  it  is  easy  to  see,  will  be  directed  towards  a 
fntin  D8/irodiicecfy  at  an  extremely  small  distance  below  S,  because 
tf  the  o^DOeflBTO  minnteness  of  the  disturbing  force  compared  to  gravity.' 
Ihfll  if  this  he  done  at  every  point  of  the  quadrant  A  D,  it  will  be  evi- 
iMt  thai  the  diieotion  PT  of  the  resultant  force  will  be  always  that  of  a 
li  to  the  small  cuspidated  curve  a  c^  at  T,  to  which  tangent  the  sur- 
of  the  ocean  at  P  must  everywhere  be  perpendicular,  by  reason  of 
■ttat  h,w  of  hydrostatics  which  requires  the  direction  of  gravity  to  be 
perpendionlar  to  the  surface  of  a  fluid  in  equilihrio.  The 
of  the  curve  DP  A,  to  which  the  surface  of  the  ocean  will  tend  to 
eoiifctui  itself  so  as  to  place  itself  everywhere  in  equilihrio  under  two 
IbraeSy  will  be  that  which  always  has  P  T  for  its  radius  of  curva- 
It  will  therefore  be  slightly  less  curved  at  D,  and  more  so  at  A, 
bmng  in  ftot  no  other  than  an  ellipse,  having  S  for  its  centre,  da  for  its 
tseliiCe^  and  8  A,  8  D  for  its  longer  and  shorter  semi-axes  respectively ;  so 
the  wh<de  snrfMte  (supposing  it  covered  with  water)  will  tend  to  as- 
as  its  form  of  equilibrium,  that  of  an  oblongated  ellipsoid,  having 
knger  aaus  directed  towards  the  disturbing  body,  and  its  shorter  of 
at  right  angles  to  that  direction.  The  difference  of  the  longer  and 
Huras  of  this  ellipsoid  due  to  the  moon's  attraction  would  be 
ahont  68  inches :  that  of  the  ellipsoid,  similarly  formed  in  virtue  of  the 
san,  about  2}  times  less,  or  about  28  inches. 

(751.)  Let  OS  snppoee  the  moon  only  to  act,  and  to  have  no  orbitual 
sotioo;  then  if  the  earth  also  had  no  diurnal  motion,  the  ellipsoid  of 
e^ailihriam  would  be  quietly  formed,  and  all  would  be  thenceforward 
trawiDiL  There  is  never  time,  however,  for  this  spheroid  to  be  fully 
fanned.  Before  the  waters  can  take  their  level,  the  moon  has  advanced 
in  her  orhit^  both  diurnal  and  monthly,  (for  in  this  theory  it  will  answer 
the  porpose  of  clearness  better,,  if  we  suppose  the  earth's  diurnal  motion 
transferred  to  the  son  and  moon  in  the  contrary  direction,)  the  vertex  of 
the  spheroid  has  shifted  on  the  earth's  surface,  and  the  ocean  has  to  seek 
a  new  bearing.  The  effect  is  to  produce  an  immensely  broad  and  exces- 
nvely  flat  wave  (not  a  circulating  current^  which  follows,  or  endeavours 

*  Aeeording  to  Newton's  calculation,  the  maximum  disturbing  force  of  the  sun  on  the 
water  does  not  exceed  one  25736400th  part  of  its  gravity.  That  of  the  moon  will 
iberefere  be  to  this  fraction  as  the  cube  of  the  sun's  distance  to  that  of  the  moon's  di- 
Iteilf ,  and  as  the  mass  of  the  sun  to  that  of  the  moon  inversely,  t.  e.  as  (400)'  X  0  012517 
: 354936,  which,  reduced  to  numbers,  gives,  for  the  moon's  maximum  of  power  to  dis- 
tarb  ihs  waters,  about  one  11400000th  of  gravity,  or  somewhat  less  than  2\  times  the 
MsTa. 
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he  apparent  motions  of  lie  moon,  and  must,  ia  fuel,  by  lit* 
forced  vibrations,  imitate,  by  equal  though  not  by  m/nchronawi 
tbe  periodical  iuequalitios  of  ihul  motion.     When  the  higher 

larts  of  this  wave  etrikc  our  coasts,  they  experience  wh&t  vo 

od  low  water. 

e  apparent  motion  of  the  sun  in  the  henTcns,  anil  also  to  imi- 
odio  in  equal]  ties.     This  solar  wave  co-esists  with  the  Itrnar — 

Thia  alternate  mutual  reinforccmcDt  and  destruction  of  the 
unar  tides  cause  what  are  called  the  spring  and  neap  tides — tbe 
g  their  Buin,  tie  ktler  their  difference.     Although  the  real 
either  tide  is,  at  present,  hardly  within  the  reach  of  exact  cal- 
t  their  proportion  at  any  one  place  ih  probably  not  Tcry  remote 
>f  tbe  cUiplJcities  which  would  belong  to  their  respective  spbo- 

an  equilibrium  be  attained.     Now  these  ell iptici ties,  for  the  ,' 
unar  spheroids,  are  respectively  about  two  and  five  feet;  so  that 
spring  tide  will  bo  to  the  neap  as  7  to  3,  or  thereabouts. 
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^dMd  wonU  bo  identiol.  Bot  all  these  causes  tend  to  create  a  dif- 
■ad  to  make  diat  difference  not  alike  at  all  ports.  The  ohserva- 
of  tho  eotahlinhments  of  harbours  is  a  point  of  great  maritime  im- 
}  nor  is  it  of  less  consequende^  theoretically  speaking,  to  a 
bnowlody  of  the  tnie  distribntion  of  the  tide-waves  over  the  globe.  In 
Mkiag  Muh  oboerTBtioDSy  care  must  he  taken  not  to  confound  the  time 
of  ^'dftok  waftsr/'  when  the  current  caused  by  the  tide  ceases  to  flow 
ihUj  odo  way  or  the  other,  and  that  of  high  or  law  vxiter,  when  the 
Inri  of  the  aar&oe  ceases  to  rise  or  &11.  These  are  totally  distinct  phos 
mmmim,  and  depend  on  entirely  different  causes,  though  it  is  true  they 
ftey  eonetaoies  eoineide  in  p<nnt  of  time.  They  are,  it  is  feared,  too  often 
one  Icr  the  other  by  practical  men;  a  circumstance  which, 
it  ooooiai  must  produce  the  greatest  confusion  in  any  attempt  to 
the  ayitem  of  the  tides  to  distinct  and  intelligible  laws. 
^5fi.)  The  deelination  of  the  sun  and  moon  materially  affects  the  tides 
el  aaj  pertioalar  spot  As  the  vertex  of  the  tide-wave  tends  to  place 
jinlf  lettiodly  under  the  luminary  which  produces  it,  when  this  vertical 
dksBgea  its  point  of  incidence  on  the  surface,  the  tide-wave  must  tend  to 
flUft  uKOtdmfjtjf  and  thus,  by  monthly  and  annual  periods,  must  tend  to 
and  diminish  alternately  the  principal  tides.  The  period  of  the 
'■  nodes  is  thus  introduced  into  this  subject;  her  excursions  in  de- 
in  one  part  of  that  period  being  29^,  and  in  another  only  17^, 
ode  the  equator. 
(7M.)  Geometry  demonstrates  that  the  efficacy  of  a  luminary  in  raising 
inveraely  proportional  to  the  cube  of  its  distance.  The  sun  and 
\f  however,  by  reason  of  the  ellipticity  of  their  orbits,  are  alternately 
to  and  farther  from  the  earth  than  their  mean  distances.  In  con- 
of  this,  the  efficacy  of  the  sun  will  fluctuate  between  the  ex- 
19  and  21,  taking  20  for  its  mean  value,  and  that  of  the  moon 
hoiween  48  and  60.  Taking  into  account  this  cause  of  difference,  the 
hi^Mit  spring  tide  will  be  to  the  lowest  neap  as  59  +  21  to  48 — 19,  or 
aa  80  to  24,  or  10  to  8.  Of  all  the  causes  of  differences  in  the  height 
of  tides  however,  local  situation  is  the  most  influential.  In  some  places 
the  tide-wave,  rushing  up  a  narrow  channel,  is  suddenly  raised  to  an  ex- 
tnordioary  height  At  Annapolis,  for  instance,  in  the  Bay  of  Fundy,  it 
is  mid  to  rise  120  feet  Even  at  Bristol  the  difference  of  high  and  low 
mttr  oecasionally  amounts  to  50  feet 

(767.)  It  is  by  means  of  the  perturbations  of  the  planets,  as  ascertained 
by  oboervation  and  compared  with  theory,  that  wo  arrive  at  a  knowledge 
of  the  masses  of  those  planets  which  having  no  satellites,  offer  no  other 
hold  vpoD  them  for  this  purpose.     Every  planet  prodaoes  an  amount  of 
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the  motions  of  every  other,  proportioned  to  ita  niae^  snd 

'  advantage  ot parchane  wliicU  ita  situation  in  the  system 

?ir  moveaionta.     The  latter  is  a  subject  of  exact  caleul*- 

r  13  unknown,  otherwise  iban  by  observation  of  its  effects. 

Lirminution,  however,  of  tbe  masses  of  the  pluneta  by  thii 

lory  lenda  tbe  greatest  assistance  to  observation,  by  pointing  oat 

ittona  most  furourable  for  eliciting  this  knowledge  from  tbe 

IBS  of  superposed  inequalities  which  affi'cC  every  observed  place 

;  by  pointing  out  the  laws  of  each  inequality  in  ita  periodical 

;  and  by  showing  how  every  particular  inequality  dependi 

idc  on  the  mass  producing  it.     It  is  thus  that  tbe  mass  of 

f  (employed  by  Ijaplaco  in  his  invcBtigations,  and  interwoven 

b  planetary  tables)  has  been  ascertaiaed,  by  observations  of  the 

Lts  produced  by  it  in  the  motions  of  the  ultra-iodiacol  pkneta, 

1  insufficiently  determined,  or  rather  considerably  mbtaken, 

30  much  OD  observations  of  its  satellites,  made  long  ago  by 

I  others,  with  inadequate  iostmrnental  means.      The  same   eOD- 

I  been  arrived  at,  and  nearly  the  samo  mass  obtained,  by  means 

lurbations  produced  by  Jupiter  on   Knckc's  conieL     The  error 

r  the  most 
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hqg^to  attipnng  tnd  neap  tides  which,  we  have  seen,  (art.  752,)  depends 
§■  the  propoirtioiifti  inflttence  of  the  two  luminaries.  2dly,  from  the 
m  of  natation,  which,  being  the  result  of  the  moon's  attraction 
aJIbids  A  means  of  calculating  her  mass,  independent  of  any  know- 
higt  of  4he  son's.  Both  methods  agree  in  assigning  to  our  satellite  a 
aboat  one  seventy-fifth  that  of  the  earfh.' 
(760.)  Not  only,  however,  has  a  knowledge  of  the  perturbations  pro- 
oa  other  bodies  of  onr  system  enabled  us  to  estimate  the  mass  of  a 
body  already  known  to  exist,  and  to  produce  disturbance.  It 
done  mudi  more,  and  enabled  geometers  to  satisfy  themselves  of  the 
and  even  to  indicate  the  situation  of  a  planet  previously  un- 
I,  with  sach  precision,  as  to  lead  to  its  immediate  discovery  on  the 
vny  first  oecaoon  of  pointing  a  telescope  to  the  place  indicated.  We 
katfie  already  (art  506,)  had  occasion  to  mention  in  general  terms  this 
ipealdieooverj;  bnt  its  importance,  and  its  connexion  with  the  subject 
Wfiire  ni^  ealls  for  a  more  specific  notice  of  the  circumstances  attending  it. 
When  the  regnlar  observation  of  Uranus,  consequent  on  its  discovery  in 
1781)  had  aflbrded  some  certain  knowledge  of  the  elements  of  its  orbit,  it 
poflsible  to  calonlate  backwards  into  time  past,  with  a  view  to 
whether  certain  stars  of  about  the  same  apparent  magnitude, 
[.by  Flamsteed,  and  since  reported  as  missing y  might  not  possibly 
bs  thb  planet.  No  less  than  six  ancient  observations  of  it  as  a  supposed 
iltf  wen  Urns  foond  to  have  been  recorded  by  that  astronomer,  —  one  in 
109O|  one  in  1712,  and  four  in  1715.  On  further  inquiry,  it  was  also 
Meertained  to  have  been  observed  by  Bradley  in  1753,  by  Mayer  in  1756, 
sad  no  leas  than  twelve  times  by  Le  Monnier,  in  1750, 1764, 1768, 1769, 
and  1771,  all  the  time  without  the  least  suspicion  of  its  planetary  nature. 
Ihe  obeervations,  however,  so  made,  being  all  circumstantially  registered, 
sad  made  with  instruments  the  best  that  their  respective  dates  admitted, 
wsn  qoite  available  for  correcting  the  elements  of  the  orbit,  which,  as 
will  be  eauly  understood,  is  done  with  so  much  the  greater  precision  the 
ki]ger  the  arc  of  the  ellipse  embraced  by  the  extreme  observations  em- 
plojed.  It  was,  therefore,  reasonably  hoped  and  expected,  that,  by 
making  nse  of  the  data  thus  afforded,  and  duly  allowing  for  the  perturba- 
tioBa  produced  since  1690,  by  Saturn,  Jupiter,  and  the  inferior  planets, 
dfiptie  elements  would  be  obtained,  which,  taken  in  conjunction  with 
thoae  perturbations,  would  represent  not  only  all  the  observations  up  to 
the  time  of  executing  the  calculations,  but  also  all  future  observations,  in 
as  satisfactory  a  manner  as  those  of  any  of  the  other  planets  are  actually 
nptusented.     This  expectation,  however,  proved  delusive.     M.  l^ouvard, 

■  Laplace,  Expos,  du  Syst.  du  Mondo,  pp.  285, 300. 


OUTLINES    OF   ASTROSOAir.                                                m 

moat  espurt  utid  laborious  caluulators  of  wlioin  astronomy  hu     ' 
St,  and  to  whose  zeal  and  iud,;fatigable  iiiduatrj  wu  owe  ths 
ipiter  and  Saturn  in  nctuul  use,  baviug  nmJcrtnken  tbe  task  o( 
;  similar  tables  for  Uranus,  found  it  impossible  to  reeonnU 

obEcrvationa  above  mentioned  with  those  made  from  1781  to 

to  represent  both  series  by  means  of  the  some  ellipse  and  th* 
1  of  perturbations.     He  tbereforc  rejected  altogether  ihe  ancient    j 

grounded  hb  compulations  solely  od  the  modern,  although     * 
)t  without  serions  iniagiviugs  aa  to  the  grounds  of  such  a  pn>- 
1  "  leaving  it  to  future  time  E«  determine  whether  the  difficult 
ng  the  two  series  urose  from  inaceuracy  in  the  older  obsctv*- 
letber  it  depend  on  some  extraneous  and  unpereeived  iufluenoe 

have  acted  on  the  planet." 

!at  neither  did  the  tables  so  calculated  continue  to  represent, 

recision,  observations  subsequently  made.     The  "  error  of  the 

1  in  advance  of  the  computed,  and  which  advuneo  was  steadily 
from  about  the  year  1795  to  1822,  began,  about  the  latter 
Jly  to  diminish,  till,  in  1830-31,  the  tabular  and  observed 
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in  FbuMfeed'i  ewlieift  obeerrations  in  1690,  the  dot  bo  marked  is 
afaovB  Hhe  liM  at  6fi^'9  above  the  line,  the  observed  lougitudo  being 
_    Iter  than  the  oaloolatcd. 
^fflS.)  Iff  Be^ecting  the  individual  points,  we  draw  a  ciirve  (indicated 
kk  1km  ^gaxe  hj  a  fine,  unbroken  line,)  through  their  general  course,  we 
dan  al  ODOS  pereeive  a  oertain  regularity  in  its  undulations.    It  presents 
••■D  ^Mi  ^kffaAoDB  above,  and  one  nearly  as  great  intermediate  depres- 
■n  lidow  Aa  medial  line  or  abeoissa.     And  it  is  evident  that  these  un- 
^aUkmm  would  be  very  much  reduced,  and  the  errors  in  consequence 
peady  palliated^  if  each  dot  were  removed  in  the  vertical  direction 
iiaam^  a  dntanee  and  in  the  direction  indicated  by  the  corresponding 
faint  of  the  ooiro  A,  B,  G,  D,  E,  F,  O,  H,  intersecting  the  abscissa  at 
180^  diilan^  and  makiag  equal  excursions  on  either  side.     Thus 
point  a  for  1760  being  removed  upwards  or  in  the  direction  to- 
ft dirooj^  a  cGstance  equal  to  c  6,  would  be  brought  almost  to 
ooinoideBea  with  the  point  e  in  the  abscissa.     Now,  this  is  a 
indieatimi  that  a  veiy  large  part  of  the  differences  in  question  are 
not  to  pertnrbatioD,  but  simply  to  error  in  the  elements  of  Uranus, 
haTO  been  assumed  as  the  basis  of  calculation.     For  such  ex- 
and  deboto  of  longitode  alternating  over  arcs  of  180^  are  pre- 
tbaij  what  woold  arise  firom  error  in  the  excentricity,  or  in  the  place 
if  the  porihelioDy  or  in  both.    In  ellipses  slightly  exoentric,  the  true  lon- 
alteniatoly  exoeeds  and  fidls  short  of  the  mean  during  180^  for 
dofiataaniand  the  greater  the  exoentricity,  the  greater  these  alternate 
to  and  fro.     If  then  the  excentricity  of  a  planet's  orbit  be 
erraneooily  (suppose  too  great)  the  observed  longitudes  will  ex- 
UUt  a  leas  ainoont  of  aaoh  fluctuation  above  and  below  the  mean  than 
ikb  eompoted,  and  the  di^Brenoe  of  the  two,  instead  of  being,  as  it  ought 
la  bo^  alwaya  mi,  will  be  alternately  -f-  and  —  over  arcs  of  180^.  If  then 
a  difmnee  be  obaerved  following  such  a  law,  it  may  arise  from  erro- 
naoBilj  aaramed  exoentricity,  provided  always  the  longitudes  at  which 
they  agree  (supposed  to  differ  by  180^)  be  coincident  with  those  of  the 
perihelion  and  i^helion }  for  in  elliptic  motion  nearly  circular,  these  are 
■Ihe  points  where  the  mean  and  true  longitudes  agree,  so  that  any  fluctua- 
tion of  the  aatore  observed,  if  this  condition  be  not  satisfied,  cannot  arise 
flea  enor  of  exoentricity.*    Now  the  longitude  of  the  perihelion  of 
Uianna  in  the  elements  employed  by  Bouvard  is  (neglecting  fractions  of 
a  degree)  168^,  and  of  the  aphelion  348^.     These  points,  then,  in  our 
J^BTBi  Ikll  at  K  and  a,  respectively,  that  is  to  say,  nearly  half  way  between 
A  C|  C  By  £  0-9  &o«     It  is  evident,  therefore,  that  it  is  not  to  error  or 
exoentricity  that  the  fluctuation  in  question  is  mainly  due. 
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if  the  peribelioD.     Suppuse  in  %  2,  Pkte  A,  ox  to  rcpreaent 
ide  of  a  planet,  nut!  .r_y  the  extxfs  of  its  true  abofe   ila  mem 
due  to  elliptioiiy.     Tbcn  if  R  be  the  place  of  the  perihelion,     | 
r,  fho  aphelion  in  longitude,  y  will  always  lie  io  a  certain  ult 
LirvG  PQRST,  above'  PT,  between  R  and  T,  and  below  it    ( 

and  R.     Now  suppose  the  plaee  of  the  perihelion  shifted  fo^ 
,  or  the  whole  curve  shifted  bodily  forward  into  the  situation 
en  at  the  suiiie  longitude  oi,  the  exccis  of  the  true  nbove  the 
iiuJc  will  be  xi/  only;  in  othor  words,  this  excess  will  hare 

by  the  quantity  i/i/'  below  its  former  amount.   Take  therefore 
;.  3,  PI.  A,)  o,j  =  ox  and  ,,^  nlwaye  =yy  in  /-,.  2,  ,nd 
IS  con^lrucicd  the  cnrvo  K  L  M  N  0,  the  ordinate  yi/  will 
resent  (lie  effect  of  the  supposed  change  of  perihelion.     It  is 
le  cieentricity  being  always  supposed  small),  that  this  curw 
t  nlso  of  allcmate  superior  and  inferior  waves  of  180°  each  in 

and  the  points  L,  N  of  its  intersection  with  the  asia,   wiU 
mgitudes  corresponding  to  X,  Y,  intermediate  between  the 
>,  ^ ;  and  S,  i  of  the  original  curves,  that  is  to  say  (if  these  la- 
f,  S  ^  or  R  r,  to  which  both  arc  equal,  be  very  small,)  very 
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1712  to  1800,  would  be  aonihilated,  or  at  least  so  far  reduced  as  bardly 
to  CTcead  the  ordiiiary  errors  of  observation ;  and  as  respects  tbe  observa- 
of  1600,  the  still  outstanding  difference  of  about  35"  would  not  be 
dum  mig^t  be  attributed  to  a  not  very  careful  observation  at  so  early 
en  opoeh.  Now  the  assnmption  of  such  a  new  line  of  longitudes  as  the 
»,  is  in  efiect  equivalent  to  the  admission  of  a  slight  amount  of 
in  the  periodio  time  and  epoch  of  Uranus ;  for  it  is  evident  that  by 
wwhoning  from  the  inclined  instead  of  the  horizontal  line,  we  in  effect 
aksr  all  the  apparent  oatstanding  errors  by  an  amount  proportional  to  the 
Hmm  befim  or  after  the  date  at  which  the  two  lines  intersect  (viz.  about 
1780). "  As  to  the  direction  in  which  this  correction  should  be  made,  it  is 
obrioDS  hj  inspeotion  of  the  course  of  the  dots,  that  if  we  reckon  from 
A  B^  or  any  line  parallel  to  it,  the  observed  planet  on  the  long  run  keeps 
ftlling  mors  and  more  behind  the  ciilculated  one ;  t.  e,  its  assigned  mean 
ngnhr  Tolodty  by  the  tables  is  too  great,  and  must  be  diminished,  or  its 
fviodio  time  requires  to  be  increased. 

(766.)  Let  this  increase  of  period  be  made,  and  in  correspondence  with 
ttat  cbange  let  the  longitudes  be  reckoned  on  a  h,  and  the  residual  diffe- 
MSSM  from  that  line  instead  of  A  B,  and  we  shall  have  then  done  all  that 
en  ho  done  in  the  way  of  reducing  and  palliating  these  differences,  and 
Aa^  with  aneh  suooess,  that  up  to  the  year  1804  it  might  have  been  safely 
tliat  positively  no  ground  whatever  existed  for  suspecting  any 
infloenoe.  But  ¥rith  this  epoch  an  action  appears  to  have 
and  gone  on  increasing,  producing  an  acceleration  of  the 
in  loBgitade,  in  consequence  of  which  Uranus  continually  gains  on 
iti  dUptio  pleoe,  and  oontinued  to  do  so  till  1822,  when  it  ceased  to  gain, 
Md  die  ezoesB  of  longitude  was  at  its  maximum,  after  which  it  began 
npidly  to  lose  ground,  and  has  continued  to  do  so  up  to  the  present  time. 
b  Ib  perfcetly  elesr,  then,  that  in  this  interval  some  extraneous  cause  must 
hstfo  eomo  into  aetion  which  was  not  so  before,  or  not  in  sufBcient  power 
to  "aMwlMMfc  itaelf  by  any  marked  effect,  and  that  that  cause  must  have 
eeaaed  to  aot^  or  raUier  begun  to  reverse  its  action,  in  or  about  the  year 
1822,  the  reverse  action  being  even  more  energctio  than  the  direct. 

(767.)  Soph'  is  the  phssnomenon  in  the  simplest  form  we  are  now  able 
to  pment  it.  Of  the  various  hypotheses  formed  to  account  for  it,  during 
dw  pfogrcss  of  its  developement,  none  seemed  to  have  any  degree  of  ra- 
fkntl  probalnlity  hot  that  of  the  existence  of  an  exterior,  and  hitherto 
vdiaeovered,  planet^  disturbing,  according  to  the  received  laws  of  plan- 
etaiy  distnrbanoe,  the  motion  of  Uranus  by  its  attraction,  or  rather  super- 
poifag  Hs  distorbanee  on  those  produced  by  Jupiter  and  Saturn,  the  only 
tvo  of  the  dd  phnets  which  exercise  any  sensible  disturbing  action  on 
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^t.     A'^conliugljr,  this  was  tbe  eiplaDation  which  natunitly,  mi 
uccesBity,  suggested  itself  to  lliose  conversant  witb  the  pUno- 

a  idea,  however,  of  setting  out  from  the  observed  anomalow 

he  unknown  body,  or,  in  other  words,  to  resolve  the  invetM 
pf  perturbations,  "tfircn  the  dUlurUinrnt  to  find  the  orbit,  and 
'hut  orbit  of  the  ditturbtng  planet,"  appears  to  have  occurred 
0  mathematician 8,  BIr.  Adama  in  England  and  M.  I*verrier  in 
th  suflScient  distinctncaa  and  hopefulness  of  suooess  to  induce  them 

dependence,  and  by  each  in  entire  ignorance  of  the  other's  ai- 
re found  to  agree  in  a  surprising  manner  when  the  naturo  and 
if  the  problem  is  con^^idered;  the  caleulations  of  M.  liererrier 
for  the  heliocentric  longitude  of  the  diatnrbing  planet  for  the 
1846,  326°  ff,  and  those  of  Mr.  AdamH  (brought  to  the  same 
°  19',  differing  only  3"  19' ;  the  plane  of  its  orbit  deviating  very 
ritall,  from  that  of  the  ecliptic. 

astronomy — Dr.  Galle,  one  of  the  astronomera  of  the  Royal 
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Iftemiiiied,  the  maai,  and  all  the  elements  of  the  -nnkDown  planet  (sup- 
fosad  to  reToIve  in  the  same  plune  and  the  Mime  direction  with  Uranus), 
•nept  its  nuyor  semiaxis.  This  was  assumed  in  the  first  instance  (in 
tonfiynniiy  with  "  Bode's  law/'  art.  (505),  and  certainlj^  at  the  time  with 
tii^primd  /ack  prohahilityy)  to  he  douhle  that  of  UranuS;  or  88*364 
adn  of  the  Earth's  orbit  Without  mme  assumption  as  to  the  value  of 
fliis  elementy  owing  to  the  peculiar  form  of  the  analytical  expression  of 
the  pertmbatioofly  the  aDalytical  investigation  would  have  presented  diffi- 
flnUei  apperenflj  insuperable.  But  besides  these,  it  was  also  necessary 
to  Rgard  as  vnlmown;  or  at  least  as  liable  to  corrections  of  unknown 
■HiiiiiMln  of  the  same  order  as  the  perturbations,  all  the  elements  of 
Uitmu  itaelf|  a  drcomstance  whose  necessity  will  be  easily  understood, 
what  we  conader  that  the  received  elements  could  only  be  regarded  u 
|rariiioiial|  and  moat  certavH^  be  erroneous,  the  places  from  which  they 
obtained-  being  affected  by  at  least  some  portions  of  the  very  pertur- 
in  question.  This  consideration,  though  indispensable,  added 
ntAj  both  to  the  complication  and  the  labour  of  the  inquiry.  The  axis 
(ud  therefore  the  mean  motion)  of  the  one  orbit,  then,  being  known  very 
Mixlyi  and  that  of  the  other  thus  h3rpothetieally  assumed,  it  became  prac- 
tieaUe  to  express  in  terms,  partly  algebraic,  partly  numerical,  the  amount 
of  perturbation  at  any  instant,  by  the  aid  of  general  expressions  delivered 
hf  Laplace  in  his  "  AfScaniqv^  Cileste**  and  elsewhere.  These,  then, 
together  with  the  corrections  due  to  the  altered  elements  of  Uranus  itself, 
bdng  applied  to  the  tabular  longitudes,  furnished,  when  compared  with 
those  ob#Nrved,  a  series  of  equations,  in  which  the  elements  and  mass  of 
Neptune,  and  the  corrections  of  those  of  Uranus  entered  as  the  unknown 
fuamiUie^^  and  by  whose  resolution  (no  slight  effort  of  analytical  skill)  all 
their  values  were  at  length  obtained.  The  calculations  were  then  repeated, 
reducing  at  the  same  time  the  value  of  the  assumed  distance  of  the  new 
planet|  the  disoordanoes  between  the  given  and  calculated  results  indicating 
it  to  haTO  been  assumed  too  large  when  the  results  were  found  to  agree 
better,  and  the  solutions  to  be,  in  fact,  more  satisfactory.  Thus,  at  length, 
elements  were  arrived  at  for  the  orbit  of  the  unknown  planet,  as  below. 


• 
LeTerrier. 

Adami. 

1 

Buodi  of  Eltmfliitf 

Jan.  1, 1847. 
3180  47/  ^n 

36-1539 

0-107610 

2840  45'  8" 

000010727 

Oct.  6,  1846. 
323"  2' 
37-2474 
0-120615 
290O  W 
000015003 

Mean  lonsitode  in  Enoch 

8«iai&i1f  Ifaior..... 

Kxemtiiai^ 

IfOndtadd  of  Pfriholioo. 

KftH  (the  San  beioff  1) 

« 
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cJmlated  from  M.  Levcrrier's  elemeDts  for  tbo  day  in  question,  instead 

of  36*1^39  (the  mean  diatanec)  comes  out  almost  exactly  3^J ;  and  indeed, 

if  wo  oonader  that  the  ezcentricity  assigned  by  those  elements  gives  for 

the  perihelion  distance  32-2634,  the  longitude  assigned  to  the  perihelion 

Wngi  the  whole  arc  of  the  orbit  (more  than  83°),  described  in  the  in- 

tarral  from  1806  to  1847  to  lie  within  42°  one  way  or  the  other  of  the 

perihelion,  and  therefore,  daring  the  whole  of  that  interval,  the  hypothe- 

tieal  planet  would  be  moving  within  limits  of  distance  from  the  sun,  32*6 

tad  83-0.     The  following  comparative  tables  of  the  relative  situations  of 

Uranofly  the  real  and  hypothetical  planet,  will  exhibit  more  clearly  than 

any  lengthened  Btatement,  the  near  imitation  of  the  motion  of  the  former 

bj  the  latter  within  that  interval.     The  longitudes  are  heliocentric.^ 


Uniiiii. 

Neptane. 

LeTerrier. 

Adams. 

A.IL 

Loag. 

Long. 

BttLVec. 

Long. 

RMLVeo. 

TiOng. 

Rod.  Vec. 

1805-0 

107«-8 

236*>-9 

30-3 

2410-2 

33-1 

246°-5 

31-2 

1810-0 

220-0 

247-0 

30-3 

251-1 

32-8 

255-9 

33-7 

1815-0 

243-2 

258-0 

30-3 

261-2 

32-5 

265-5 

;)3-n 

1820-0 

264-7 

268-8 

30-2 

271-4 

32-4 

275-4 

.r.i 

1821-0 

269-0 

271-0 

30-2 

273-5 

32-3 

277-4 

.3;{o 

1822-0 

273-8 

273-2 

30-2 

275-6 

32-3 

279-5 

3:;o 

18230 

277-6 

275-3 

30-2 

277-6 

32-3 

281-5 

32-9 

1824-0 

281-8 

277-4 

30*2 

279-7 

32-3 

283-6 

32-9 

1826-0 

285-8 

270-6 

30-2 

281-8 

32-3 

285-6 

32 -S 

18S00 

306-1 

290-5 

30-1 

2921 

32-3 

296-0 

32-8 

18^5-0 

326-0 

301-4 

301 

302-5 

32-4 

306-3 

32-8 

1840-0 

845-7 

312-2 

30-1 

312-6 

32-6 

316-3 

32-9 

1845-0 

365-3 

^231 

300 

322-6 

32-9 

3260 

33-1 

1847*0 

373-3 

1 

327-6 

30-0 

326-5 

331 

329-3 

33-2 

(772.)  From  this  comparison  it  will  be  seen  that  Uranus  arrived  at  its 
eonjnnction  with  Neptune  at  or  immediately  before  the  commencement  of 
1822,  with  the  calculated  planet  of  Leverricr  at  the  beginning  of  the  fol- 
lowing year  1823,  and  with  that  of  Adams  about  the  end  of  1824.  Both 
the  theoretical  planets,  and  especially  that  of  M.  Leverrier,  therefore, 
during  the  whole  of  the  above  inter^'al  of  time,  so  far  as  the  directions 
of  their  attractive  forces  on  Uranus  are  concerned,  would  act  nearly  on  it 
aa  the  tme  planet  must  have  done.  As  regards  the  intensity  of  the  rela- 
tire  diatarbing  forces,  if  we  estimate  these  by  the  principles  of  art.  (612) 
at  the  epochs  of  conjuncUon,  and  for  the  commencement  of  1805  and 


'  The  ealcnlatiom  are  carried  only  to  teiithi  of  degrees,  aa  quite  aufficient  for  the 
oljtec  m  view. 
28 
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ad  for  the  reapective  denoniiDatora  of  the  fractions  of  ihc  Buo'a 
n  Uranua  regarded  M  unity,  which  espresa  the  loicd  distorbing 
in  each  case,  as  beiow :                                                                    i 

1»U6.              ODDJmicUcrn.            IHt. 
(PierCo'smSM                 „i^,             a-540                7M9                32388 
'    l8i™.a'aniim               -„1„            202U                5S19                23810 
leorcdcBl  Plancl,  mius         „>^-^             20S37                SI93                 19932     '' 

aell  made  with  the  large  telescopes  of  Fraunhofer  id  the  obser- 
Cambridge,  U.  S.  and  Pulkova  respeotdvelj.     These  it  will  ba 
jffei-  very  considerably,  as  might  reasonably  be  cipected  in  the 
licronietrical  measure m en ts  of  such  difficulty,  and  it  is  not  pos- 
esent  lo  say  to  which  the  preference  ought  U)  bo  pven.     Aa 
irith  the  mass  ss^gued  by  M.  Struve,  an  ogrceipcnt  on  tha 
;  Batisfactory  could  not  ha\-e  been  looked  for  within  the  interval 
y  in  questioa. 

Subject  then  to  this  uncertainty  as  to  the  real  mass  of  Neptune, 
icol  planet  of  LoTctrior  ihust  be  considered  as  represeoting  with 
ic^delityascoul^j^aibj^ei^^ 
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of  fimr  lobes,  bating  a  common  point  in  S,  viz.,  SWmXSaSnS&SW^ 
and  tbat  expiesaiDg  the  taogential,  A  Z  c/B  « <Z  Y  A  Z,  consisting  of  four 
matnallj  infteraecting  loops,  surroanding  and  touching  the  disturbed  orbit 
IB  foot  pointB,  A 'Bed.  The  normal  force  acts  outward  over  all  that  part 
of  the  orbit^  both  in  conjunction  and  opposition,  corresponding  to  the  por- 
tkma  of  the  lobes  m,  n,  exterior  to  the  disturbed  orbit,  and  inwards  in 
ereiy  other  part.  The  figure  sets  in  a  clear  light  the  great  disproportion 
hclweea  the  energy  of  this  force  near  the  conjunction,  and  in  any  other 
eonfigontion  of  the  planets;  its  exceedingly  rapid  degradation  as  P  ap- 
pnMBchee  the  point  of  neutrality  (whose  situation  is  85^  5'  on  either  side 
of  the  erajuBction,  an  arc  described  synodically  by  Uranus  in  16^*72) ; 
and  the  oomparati?ely  short  duration  and  consequent  inefficacy  to  produce 
mj  great  amount  of  perturbation,  of  the  more  intense  part  of  its  inward 
action  m  the  small  portions  of  the  orbit  corresponding  to  the  lobes  a,  h, 
m  which  the  line  representing  the  inward  force  exceeds  the  radius  of  the 
drde.  It  exhibits,  too,  with  no  less  distinctness,  the  gradual  develope- 
Bent,  and  lapid  degradation  and  extinction  of  the  tangential  force  from 
di  nevtral  points,  c,  d,  on  either  side  up  to  the  conjunction,  where  its 
aedon  is  xerersed,  being  accelerative  over  the  arc  eZ  A,  and  retardative 
over  A  e,  each  of  which  arcs  has  an  amplitude  of  71^  20',  and  is  de- 
scribed fay  Uranus  synodically  in  34'' '00.  The  insignificance  of  the  tan- 
gential ibroe  in  the  configurations  remote  from  conjunction  throughout  the 
are  e  B  df  ia  also  obviously  expressed  by  the  small  comparative  develope- 
noDi  of  the  loops  «,/. 

(774.)  Let  OS  now  consider  how  the  action  of  these  forces  results  in 
the  prodnction  of  that  peculiar  character  of  perturbation  which  is  exhi- 
bited in  onr  ctwe,  fifj,  4,  Plate  A.  It  is  at  once  evident  that  the  increase 
of  the  loDi^nde  from  1800  to  1822,  the  cessation  of  that  increase  in 
1822,  and  its  conversion  into  a  decrease  during  the  subsequent  interval  is 
in  coMpkte  accordance  with  the  growth,  rapid  decay,  extinction  at  conj unc- 
tion, and  subsequent  reproduction  in  a  reversed  sense  of  the  tangential 
Ibree :  so  that  we  cannot  hesitate  in  attributing  the  greater  part  of  the 
perturbation  expressed  by  the  swell  and  subsidence  of  the  curve  between 
the  yean  1800  and  1845, — all  that  part,  indeed,  which  is  symmetrical  on 
Mthor  side  of  1822  —  to  the  action  of  the  tangential  force. 

(775.)  Bat  it  will  be  asked,  —  has  then  the  normal  force  (which,  on 
the  plain  showing  of  fiff.  5,  is  nearly  twice  as  powerful  as  the  tangential, 
and  which  does  not  reverse  its  action,  like  the  latter  force,  at  the  point  of 
janctioB,  but,  on  the  contrary,  is  there  most  energetic,)  no  influence  in 
pndoeiDg  the  observed  effects  ?  We  answer,  very  little,  within  the  period 
ta  which  observation  had  extended  up  to  1845.     The  effect  of  the  taii> 
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1  indirect,  consequential,  and  cumulative  wilh  tbe  progress  of 
■34.)     Tbe  cEFcct  of  tlie  tangential  force  on  thn  mean  molion 
:  through  the  medium  of  the  change  it  produces  on  the  axis, 
neient:  the  reyerscd  action  after  conjunction  (supposing  the 
lar),  exactly  destrojirg  all  the  previous  effect,  and  leaving  the 
)n  on  the  whole  unaffected.     In  the  pasKage  through  the  con- 
len,  the  tangential  force  produces  a  sudden  and  powerful  accel- 
«eeded  by  an  eijually  pofterful  and  equally  sudden  retardation, 
i,  its  action  ia  completed,  and  no  trace  remains  in  tbe  subs«- 
sn  of  the  planet  that  it  ever  existed,  for  ita  action  on  the  peri- 
escentricity  IB  ia  like  manner  also  nullified  by  its  reversal  of 
But  with  tbe  normal  force  tbe  case  is  far  otherwise.     Its  im- 
rect  on  the  angular  motion  is  nil.     It  is  not  till  it  baa  acted 

ict  front  tbe  sun  that  the  angular  velocity  begins  to  be  sensibly 
d  it  is  not  till  its  whole  outward  action  baa  been  exerted  (1.  «. 
lole  interval  from  neutral  point  to  neutral  point)  that  its  maxi- 
,  iu  lifting  tbe  disturbed  planet  away  from  tbe  sun  has  been 
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■milar  in  oIiaFioterj  but  fu:  inferior  in  magnitude  to  those  now  under 
disounon. 

(776.)  Posterity  will  hardly  credit  that,  with  a  full  knowledge  of  all 
the  drcamitanoes  attending  this  great  discovery  —  of  the  calculations  of 
Leverrier  and  Adams  —  of  the  communication  of  its  predicted  place  to 
Ar.  CUla — and  of  the  new  planet  being  actually  found  by  him  in  that 
piaee,  in  the  remarkable  manner  above  commemorated;  not  only  have 
doabts  been  expressed  as  to  the  validity  of  the  calculations  of  those 
geometeny  and  the  legitimacy  of  their  conclusions,  but  these  doubts  have 
beeD  carried  so  fiir  as  to  lead  the  objectors  to  attribute  the  acknowledged 
bet  of  a  planet  previously  unknown  occupying  that  precise  place  in  the 
hearena  at  that  precise  time,  to  sheer  accident !'  What  share  accident 
■ay  haTe  had  in  the  successful  issue  of  the  calculations,  we  presume  the 
leadeTy  afker  what  has  been  said,  will  have  little  difficulty  in  satisfying 
Uoiself.  As  regards  the  time  when  the  discovery  was  made,  much  has 
•ko  been  attributed  to  fortunate  coincidence.  The  following  considera- 
tiona  willj  we  apprehend,  completely  dissipate  this  idea,  if  still  lingering 
in  the  mind  of  any  one  at  all  conversant  with  the  subject.  The  period 
of  Uranna  being  94-0140  years,  and  that  of  Neptune  164-6181,  their 
ijnodie  reYoIution  (art  418.),  or  the  interval  between  two 'successive  con- 
jmictioni^  is.  171-58  years.  The  late  conjunction  having  taken  place 
aboot  the  beginning  of  1822;  that  next  preceding  must  have  happened 
in  1649,  or  more  than  40  years  before  the  first  recorded  observation  of 

'  TbeM  doobts  Mem  to  have  originated  partly  in  the  great  disagreement  between  the 
pndicted  and  real  elements  of  Neptune,  partly  in  the  near  {pMiihly  precise)  commen- 
anbilitf  of  the  mean  motions  of  Neptune  and  Uranus.  We  conceive  them  however 
to  be  fimnded  in  a  total  misconception  of  the  nature  of  the  problem,  which  was  not, 
from  tnch  obviously  uncertain  indications  as  the  observed  discordances  could  give,  to 
doMrauDO  m  astTonomical  quantities  the  axis,  excentricity  and  mass  of  the  disturbing 
plaiMt;  bat  |wactically  to  discover  where  to  look  for  it:  when,  if  once  found,  these 
•leaMntfl  would  be  far  better  ascertained.  To  do  this,  any  axia,  excentricity,  perihe- 
Ktmt  mmd  wun,  kowever  wide  of  the  truth,  which  would  represent,  even  roughly  the 
amount,  bnt  with  toUnbU  correetnean  the  direction  of  the  disturbing  force  during  the 
very  moderate  interval  when  the  departures  from  theory  were  really  considerable, 
wonld  oqiially  serve  their  purposes ;  and  >vith  an  excentricity,  mass,  and  perihelion  dis- 
poaable,  it  is  obvious  that  any  assumption  of  the  axis  between  the  limits  30  and  38, 
Bay,  even  with  a  much  wider  inferior  limit,  would  serve  the  purpose.  In  his  attempt 
to  Miign  an  inferior  limit  to  the  axis,  and  in  the  value  so  assigned,  M.  Leverrier,  it 
wnet  be  admitted,  was  not  successful.  Mr.  Adams,  on  the  other  hand,  influenced  Ly 
no  eoneidemtions  of  the  kind  which  appear  to  have  weighed  with  his  brother  geometer, 
filed  ultimately  (as  we  have  seen)  on  an  axis  not  very  egrcgiously  wrong.  Still  it  were 
lo  be  wished,  for  the  satisfaction  of  all  parties,  that  some  one  would  undertake  the 
proUero  de  iimw,  employing  formulae  not  liable  to  the  passage  through  infinity,  which, 
tecbnieally  qteaking,  hampers,  or  may  be  supposed  to  hamper  the  continuous  applica- 
tkm  of  the  usual  perturbational  formulie  when  cases  of  commensurability  occur. 


1 
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1690,  to  saj  nothing  of  its  discovery  as  a  planet.     In  I69&, 
lat  hiTO  been  effccluallj  out  tif  reach  of  any  perturbotive  influ-    i 

consiJering,  and  so  it  remained  during  the  whole  iuten-al  from 

.800.     From  that  time  the  effect  of  perturbation  began  to  be- 

bte,  about  1805  prominent,  and  in  1820  had  nearly  reached  its    ^ 

At  this  i?poeh  an  alonn  iras  sounded.     The  niaxirauin  was 

smeat,— when  the  fact  (uuy  thing  rather  than  a  striking  one) 
1,  and  made  matter  of  complaint.     Bat  the  time  for  diseuiising 
rilb  any  prospect  of  suoceaa  was  not  yet  corae.     Every  thing 
a  the  precise  determination  of  the  epoch  of  the  inaximura,    . 
jerturbiug  and  perturbed  planet  wore  in  conjunction,  and  upon 

increase  and  diminution  of  the  perturbation  itself  on  either 
t  point.     Now  it  ia  always  difficult  to  assign  the  time  of  tho 

of  a  roaiimum  by  observations  liable  to  errors  bearing  a  ratio 
iconsiderable  to  the  whole  quantity  observed.     Until  th»3  lapse 
ir3  from  1822  it  would  have  been  impassible  to  have  fixed  that 

any  certainty,  and  as  respects  the  kw  of  degradation  and  t^tal 
j;itude  over  which  the  sensible  perturbatious  extend,  we  are 
arrived  at  a  period  when  this  can  be  said  to  be  completely  do- 

■ 
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CHAPTER  XV. 

or  THS  nxxD  stars. — their  classification  bt  magnitudes. — 
FHOionnio  SCALE  OF  magnitudes. — conventional  or  vulgar 

8GAUB. photometric  COMPARISON  OF  STARS. —  DISTRIBUTION   OF 
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1TB  SUPPOSED  FORM  THAT  OF  A  FLAT  STRATUM  PARTIALLY  SUB- 
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DITKENAL  STRUCTURJeL — ITS  APPARENTLY  INDEFINITE  EXTENT  IN 
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THZm  ANNUAL  PARALLAX.  —  PARALLACTIC  UNIT  OF  SIDEREAL 
DISTANCE. — ^EFFECT  OF  PARALLAX  ANALOGOUS  TO  THAT  OF  ABER- 
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HA8  BEEN  DETECTED. — OF  THE  REAL  MAGNITUDES  OF  THE  STARS. — 
OOMPABIBON   OF  THEIR  LIGHTS   WITH  THAT  OF  THE   SUN. 
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(777.)  Besides  the  bodies  we  have  described  in  the  foregoing  chap- 
ten,  the  heavens  present  us  with  an  innumerable  multitude  of  other 
objects,  which  are  called  generally  bj  the  name  of  stars.  Though  com- 
prehendiDg  individuals  differing  from  each  other,  not  merely  in  brightness, 
bat  in  many  other  essential  points,  they  all  agree  in  one  attribute, — a 
high  degree  of  permanence  as  to  apparent  relative  situation.  -This  has 
proeored  them  the  title  uf  '<  fixed  stars ;"  an  expression  which  is  to  be 
ndentood  in  a  comparative  and  not  an  absolute  sense,  it  being  certain 
that  many^  and  probable  that  all,  are  in  a  state  of  motion,  although  too 
ilow  to  be  perceptible  unless  by  means  of  very  delicate  observations,  con* 
tmoed  during  a  long  series  of  years. 

(778.)  Astronomers  are  in  the  habit  of  distingubhing  the  stars  into 
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;ording  to  their  apparent  brightDess.     Tbcse  are  termed  magni-    , 
ae  brightest  stars  are  said  to  be  of  the  first  raagnilude ;  those 
so  far  short  of  tbe  first  degree  of  brigbtness  as  to  make  t 
larked  distinction  ore  clajiscd  in  tbe  second ;  and  so  on  down  to 
or  seventh,   whieb  comprise  tbe  smallest  stars  visible  to  thd 
,  in  (he  clearest  and  dnrkoat  nigbl.      Beyond  these,  however, 
conlinne  tbe  range  of  Tisibilitj,  and  nmgiiitndes  from  the  8th 
le  T6tb  are  familiar  to  those  who  are  in  tbe  practice  of  using 
iistruments;  nor  does  there  seem  tbe  least  reason  to  naaign  k 

Is,    which    Huecessive,  improvcmcnta    in    optical    science     have 
laving   brought   into  view  multitudes   innumerable   of  objects 
■cfore ;  so  that,  for  any  thing  experience  has  hitherto  taught  ns, 
(r  of  the  stare  niny  bo  really  infinite,  in  the  only  seosc  in  which 
ign  a  meaning  to  the  word. 

entirely  arbitrary.     Of  a  multitude  of  bright  objccte,  differing 
intrinsically,  both  in  eizc  and  in  splendour,  and  arranged  at 
istances  from  ns,  one  must  of  necessKj  appear  the  brightest,  one 
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in  aoj  eoBdorioiu  we  may  draw  from  numerical  Btatemcnts  of  the 
iber  of  indiTidiiak,  which  have  been,  arranged  in  our  artificial  classes 
antecedent  to  any  general  or  definite  principle  of  arrangement.  In  fact, 
aatronomevB  haTe  not  yet  agreed  upon  any  principle  by  which  the  mngni- 
tndea  may  be  photometrically  classed  d  priari,  whether  for  example  a 
Male  of  biightaeaBes  decreasing  in  geometrical  progression  should  bo 
adopted,  each  term  being  one-half  of  the  preceding,  or  one-third,  or  any 
ether  latio^  or  whether  it  would  not  be  preferable  to  adopt  a  scale  decrcas- 
iag  aa  the  aqnarea  of  the  terms  of  an  harmonic  progression,  i.  e,  according 
la  the  aeriea  1,  |,  ^,  j'^,  ^'^ ,  &c.  The  former  would  be  a  purely  photo- 
■etric  aeale,  and  would  have  the  apparent  advantage,  that  the  light  of  a 
liar  of  any  magnitude  would  bear  a  fixed  proportion  to  that  of  the  mag- 
aitade  next  above  it,  an  advantage,  however,  merely  apparent,  as  it  is  cer- 
lua,  from  many  optical  facts,  that  the  unaided  eye  forms  very  different 
jadgmento  of  the  proportions  existing  between  bright  lights,  and  those 
kefeween  feeble  ones.  The  latter  scale  involves  a  physical  idea,  that  of 
iqipodng  the  acale  of  magnitudes  to  correspond  to  the  appearance  pf  a 
Int  magnitade  standard  star,  removed  successively  to  twice,  three  times,  &c., 
iii  original  or  atandard  distance.  Such  a  scale,  which  would  make  the 
y«-»w>«^  magnitade  a  sort  of  index  to  the  presumable  or  average  distance, 
OB  the  anppoaition  of  an  equality  among  the  real  lights  of  the  stars, 
VQold  fiMsilitato  the  expression  of  speculative  ideas  on  the  constitution  of 
the  aideraal  heavens.  On  the  other  hand,  it  would  at  first  sight  appear 
to  make  too  small  a  difference  between  the  lights  in  the  lower  magnitudes. 
For  ezampley  on  this  principle  of  nomenclature,  the  light  of  a  star  of  the 
aaventh  magnitude  would  be  thirty-six  49ths  of  that  of  one  of  the  sixth, 
and  of  the  tenth  81  hundredths  of  the  ninth,  while  between  the  first  and 
•the  aeoond  the  proportion  would  be  that  of  four  to  one.  So  far,  however, 
from  thia  being  really  objectionable,  it  falls  in  well  with  the  general  tenor 
of  the  optical  facts  already  alluded  to,  inasmuch  as  the  eye  (in  the  nb- 

of  disturbing  causes)  does  actually  discriminate  with  greater  prcci- 
between  the  relative  intensities  of  feeble  lights  than  of  bright  ones, 
80  that  the  fraction  ||,  for  instance,  expresses  quite  as  great  a  step  down- 
varda  (physiologically  speaking)  from  the  sixth  magnitude,  as  i  does  from 
the  firrt.  As  the  choice,  therefore,  so  far  as  we  can  see,  lies  between  these 
two  acales,  in  drawing  the  lines  of  demarcation  between  what  may  be 
termed  the phtdometriral  maynitudcs  of  the  stars,  we  have  no  hesitation 
in  adopting,  and  recommending  others  to  adopt,  the  latter  system  in  pre- 
ieience  to.  the  former. 

(781.)  The  conventional  magnitudes  actually  in  use  among  astrono- 

BO  &r  aa  their  usage  is  consistent  with  itself,  conforms  moreover 
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uber  of  stare,  from  the  first  to  the  fourti  magnituiio,  tbat  if  M     ' 
iLer  eipressiDg  the  niagnitudu  of  a  sUr  on  the  above  system, 
Dumber  exprcssiog  the  magnitude  of  the  same  star  in  the  loose 
)ar  language  at  present  convcntionallj  or  rather  prnvisioQftliy     . 
fur  as  it  can  be  collected  from  the  conflicting  authorities  of     j 
iscrvers,  the  tlifferenee  between  these  numbers,  or  M  —  m,  ia     ,' 
1  nil  the  higher  parts  of  the  acale,  and  ia  less  than  half  a.  mag- 
'  414),     The  standard  sbir  assumed  as  the  unit  of  magnitude 
*urements  referred  to,  la  the  bright  southern  star  a  Centauri,  k 
iiat  superior  to  Arcturua  in  lustre.     If  we  take  the  distance  of 
r  unit;,  it  follows  that  when  removed  to  the  distances  1'414, 
14,  &o.,  ita  apparent  lustre  would  etjual  those  of  iivemge  stua 
2d,  3(1,  4c.  magnitudes,  as  orJinarUy  reckoned,  respectively, 
rhe  difference  uf  lustre  between  Etars  of  two  consecntire  mng- 
so  considerable  as  to  allow  of  nianj  intermediate  gradatiooj 

□d  magnitude,  would  be  judged  b;  nn  eye  practised  in  such 
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sGantevi  as  1':  (2'924)'y  making  its  place  in  the  photometric  scale  (so 
i)  2-924.  Lists  of  stan,  northern  and  southern,  comprehending 
of  tbe  Tiilgw  firsty  second  and  third  magnitudes,  with  their  magni- 
[j  expressed  in  both  systems,  will  be  found  at  the  end  of 
The  light  of  a  star  of  the  sixth  magnitude  may  be  roughly 
eboot  tlie  hundredth  part  of  one  of  the  first.  Sirius  would  make 
three  and  four  hundred  stars  of  that  magnitude. 
(788.)  The  exaofc.photometrical  determination  of  the  comparative  in- 
of  light  of  tbe  stars  is  attended  with  many  and  great  difficulties, 
inng  pnrtlj  firom  their  differences  of  colour ;  partly  from  the  circum- 
thnt  bo  invariable  standard  of  artificial  light  has  yet  been  disco 
[*;  peitlj  from  the  i^ysiological  cause  above  alluded  to,  by  which  the 
sfs  IS  ineepedteted  from  judging  correctly  of  the  proportion  of  two  lights, 
■d  eiB  onlj  dedde  (and  that  with  not  very  great  precision)  as  to  their 
squafily  er  inequality;  and  partly  from  other  physiological  causes.  The 
dbjeetionsble  mode  hitherto  proposed  would  appear  to  be  the  foUow- 
▲  nntonl  standard  of  comparison  is  in  the  first  instance  selected, 
than  any  of  die  stars,  so  as  to  allow  of  being  equalized  with  any 
flf  them  by  ^redimUion  of  its  light  optically  effected,  and  at  the  same  time 
silhflr  iiiTaiiable,  or  at  kast  only  so  variable  that  its  changes  can  be  ez- 
isdj  ealsnlated  and  rednoed  to  numerical  estimation.  Such  a  standard  is 
flCmd  bj  the  planet  Jupiter,  which,  being  much  brighter  than  any  stary 
saljaci  to  no  phases,  and  variable  in  light  only  by  the  variation  of  its  dia- 
the  sua,  and  which,  moreover,  comes  in  succession  above  the 
at  a  eonvenient  altitude,  simultaneously  with  all  the  fixed  stars, 
aiiv  in  (he  abeenoe  of  the  moon,  twilight,  and  other  disturbing  causes 
(vfaieb  fiitaUy  aflbet  all  observations  of  this  nature),  combines  all  the  re- 
ooD^tkms.  Let  us  suppose,  now,  that  Jupiter  being  at  A  and  the 
to  be  oompaied  with  it  at  B,  a  glass  prism,  C,  is  so  placed  that  the 
of  the  planet  deflected  by  total  internal  r^fi^exion  at  its  base,  shall 
pualM  to  B  £,  the  direction  of  the  star's  visual  ray.  After  re- 
kt  it  be  reoeived  on  a  lens,  D,  in  whose  focus,  F,  it  will  form  a 
small,  bright^  star-like  image,  capable  of  being  viewed  by  an  eye  placed 
at  B»  80  fiw  out  of  the  axis  of  the  cone  of  diverging  rays  as  to  admit  of 
Basing  at  the  same  time,  and  with  the  same  eye,  and  so  comparing  this 
iasge  with  the  star  seen  directly.  By  bringing  the  eye  nearer  to  or 
farther  firom  the  focus,  F,  the  apparent  brightness  of  the  focal  point  will 
be  varied  in  the  inverse  ratio  of  the  square  of  the  distance,  E  F,  and 
Aerefim  may  be  equalized,  as  well  as  the  eye  can  judge  of  such  equali- 
tiss^  witb  the  star.  If  this  be  done  for  two  stars  several  times  alternately, 
sad  a  mean  of  the  results  taken,  by  measuring  £  F,  their  relative  bright- 
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be  obtained  :  that  of  Jupiter,  tlie  temporary  standard  of  eom- 

lediate  steps  or  gnulea  of  magnitude  may  bo  filled  up,  by  insert- 
en  tlieni,  according  to  the  judgment  of  the  eye,  otber  stars, 
D  ascending  or  dcseending  teqiiencc,  each  member  of  Euch  a 
beiD^rjehte^ha^ha^elow^n^es^righWlia^h^ 
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over  the  sphere :  a  marked  preference  however  heing  observa- 
ble,  especially  in  the  southern  hemisphere,  to  a  zone  or  belt,  following  the 
diRCtioii  of  a  great  circle  passing  through  c  Orionis  and  a  Crucis.  But 
if  we  take  in  the  whole  amount  Tisible  to  the  naked  eye,  we  shall  perceive 
a  great  inereaae  of  number  as  we  approach  the  borders  of  the  Milky  Way. 
And  when  we  oome  to  telescopic  magnitudes,  we  find  them  crowded 
beyond  imaginationi  along  the  extent  of  that  circle,  and  of  the  branches 
vhioh  it  senda  off  from  it ;  so  that  in  fact  its  whole  light  is  composed  of 
nothing  bat  stars  of  every  magnitude,  from  such  as  are  visible  to  the 
naked  eje  down  to  the  smallest  point  of  light  perceptible  with  the  best 


(786.)  nieee  phssnomena  agree  with  the  supposition  that  the  stars  of 
our  firauunenty  instead  of  being  scattered  in  all  directions  indifferently 
ttroQgh  spneOy  form  a  stratum  of  which  the  thickness  is  small,  in  com- 
ftnoa  with  itn  length  and  breadth;  and  in  which  the  earth  occupies  a 
fhee  flomewliere  about  the  middle  of  its  thickness,  and  near  the  point 
lAen  it  aabdiyides  into  two  principal  laminae,  inclined  at  a  small  angle  to 
smIi  other  (art  802).  For  it  is  certain  that,  to  an  eye  so  situated,  the 
•pimmit  deniity  of  the  stars,  supposing  them  pretty  equally  scattered 
ttraogh  the  spaoe  they  occupy,  would  be  least  in  a  direction  of  the  visual 
nj  (aa  8  A),  perpendicular  to  the  lamina,  and  greatest  in  that  of  its 
Inadth,  aa  S  B,  8  0,  S  D ;  increasing  rapidly  in  passing  from  one  to  the 
ilfaer  dSreotioOy  jnst  aa  we  see  a  slight  haze  in  the  atmosphere  thickening 
inlo  a  decided  fbg-bank  near  the  horizon,  by  the  rapid  increase  of  the 
uttn  lengih  of  the  yisual  ray.  Such  is  the  view  of  the  construction  of 
the  etairy  fimuunent  taken  by  Sir  William  Herschel,  whose  powerful 


1 

I 

i 


talesoopea  first  effiscted  a  complete  analysis  of  this  wonderful  zone,  and 
demooatrated  the  &ct  of  its  entirely  consisting  of  stars.*  So  crowded  are 
ttey  in  aome  parte  of  it,  that  by  counting  the  stars  in  a  single  field  of  his 

*  Thomas  Wright  of  Durham  (Theory  of  the  Univerte,  London,  1750)  appears  so 
mstf  aa  1734  to  bare  entertained  the  same  general  view  as  to  the  constitution  of  the 
MHky  Wsf  and  starry  firmament,  founded,  quite  in  the  spirit  of  just  astronomical 
•fteolaiioD,  on  a  partial  resolution  of  a  portion  of  it  with  a  **  one-foot  reflector*'  (a 
nfleetor  one  loot  in  focal  length).  See  an  account  of  this  rare  work  by  M.  de  Morgan 
ia  PML  Bfag.  8er.  8.  ixzii.  p.  241.  et  aeq. 
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!  wns  led  to  coneinde  that  50,100  hid  passed  under  his  rerinr 

o  degreca  in  breadth,  during  a  single  hour's  obaervatioo.     In 

nilky  way  which  is  BJtiuted  in  lOA  30m  R  A  and  between 

md  IfiOlh  degree  of  N  P  D,  upwards  of  5000  stars  have  been 

[uare  degree.     The  JDimen^ac  distances  at  which 

r  regions  must  be  aitualed  will  snffinientlj  aeeount  for  the  v; 

e  of  small  magnitudes  which  are  ob^ierved  in  it. 

le  course  of  the  Milky  Way  aa  traced  through  the  heavens 

lided  eye,  neglecting  occasional  deviations  and  following  the  line 

Jtest  brightness  as  well  as  its  varying  breadth  and  inlensitj  will 

liforins  nearly  to  that  of  a  great  circle  inclined  at  an  angle  of 

ciial,  and  cutting  that  circle  in  B  A  O^  47m  and 

to  that  ilfl  nnrlhem  and  southern  poles  respcotively  are  situated 

|2A47mNPDaS°BndR.  A.  0/.4-j7.NI'DlI7''.    Through- 

n  where  it  is  ho  remarkably  snbdivided  (art.  18G),  this  great 

,n  intermediate  situation  between  tbe  two  great  streams;  with 

fcproiimation  however  to  the  brighter  and  continuous  stream, 

I  fainter  and  Inlerrupled  one.     If  we  trace  its  course  in  order 

!t  traversing  the  constellation  Cassiopeia,  its 

g  about  two  degrees  to  the  north  of  the  star  t  of  that 
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Fttppis),  Miidiiig  off  a  narrow  and  winding  branch  on  the  preceding  pide 
as  &r  as  y  AigOa,  where  it  terminates  abruptly.  The  main  stream  pur- 
■Mi  ill  aontfaward  ooorse  to  the  12^  parallel  of  N  P  D,  where  it  diffuses 
bmidlj  and  again  subdivides,  opening  out  into  a  wide  fan-like  ex- 
ncsuly  80*  in  breadth  formed  of  interlacing  branches,  all  whiclr/ 
ite  abropdji  in  a  line  drawn  nearly  through  x  and  y  ArgAs.  |^y^ 

(788.)  At  this  place  the  continuity  of  the  Milky  Way  is  interrupted 
hj  a  vida  gap,  and  where  it  recommences  on  the  opposite  side  it  is  by  a 
Boawwhat  siniilar  fim-shaped  assemblage  of  branches  which  converge  upon 
tta  bright  ster  ^  Aigfis.  Thence  it  crosses  the  hind  feet  of  the  Centaur, 
^■^"^  a  eorioos  and  sharply  defined  semicircular  concavity  of  small 
ladias^  and  enters  the  Cross  by  a  very  bright  neck  or  isthmus  of  not' more 
Ihsn  8  or  4  degrees  in  breadth,  being  the  narrowest  portion  of  the  Milky 
Way.  After  this  it  immediately  expands  into  a  broad  and  bright  mass, 
MekMing  the  stais  a  and  0  Cmcis,  and  p  Centauri,  and  extending  almost 
Up  to  •  of  the  latter  constelhktion.  In  the  midst  of  this  bright  mass,  sur- 
awaded  by  it  oo  all  sides,  and  occupying  about  half  its  breadth,  occurs  a 
■Bgnlar  daik  pear-ehaped  vacancy,  so  conspicuous  and  remarkable  as  to 
sllnei  tiie  notioe  of  the  most  superficial  gazer,  and  to  have  acquired  among 
Aa  eariy  saathem  navigators  the  uncouth  but  expressiyc  appellation  of 
die  cpglsBflfe.  In  this  vacancy  which  is  about  8^  in  length,  and  5°  broad, 
only  one  veiy  small  star  visible  to  the  naked  eye  occurs,  though  it  is  far 
Aoni  drroid  of  teleeoopic  stars,  so  that  its  striking  blackness  is  simply  due 
ta  tlia  efieet  of  contrast  with  the  brilliant  ground  with  which  it  is  on  all 
ridea  Bontmnded.  This  is  the  place  of  nearest  approach  of  the  Milky 
Way  to  the  South  Pole.  Throughout  all  this  region  its  brightness  is  very 
rtriking,  and  when  oompared  with  that  of  its  more  northern  course  already 
conveys  strongly  the  impression  of  greater  proximity,  and  would 
lead  to  k  belief  that  our  situation  as  spectators  is  separated  on  all 
sides  by  a  eonsiderablo  interval  from  the  dense  body  of  stars  composing 
the  Oalaxy,  which  in  this  view  of  the  subject  would  come  to  be  considered 
as  a  flat  ring  of  immense  and  irregular  breadth  and  thickness,  within 
which  we  are  ezcentrically  situated,  nearer  to  the  southern  than  to  the 
northam  part  of  its  circuit. 

(789.)  At  a  Centauri,  the  Milky  Way  again  subdivides*,  sending  off  a 
peat  branch  of  nearly  half  its  breadth,  but  which  thins  ofi*  rapidly,  at  an 
aa|^  of  abont  20^  with  its  general  direction,  towards  the  preceding  side, 
to  f  and  d  Lnpi,  beyond  which  it  loses  itself  in  a  narrow  and  faint  stream- 
let. The  main  stream  passes  on  increasing  in  breadth  to  y  Normae,  where 
it  makes  an  abmpt  elbow  and  again  subdivides  into  one  principal  and  con 

■  AH  the  OMpa  and  slobcs  place  this  subdiviaion  at  P  Centauri,  bat  erropeously. 
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;niii  of  very  irregular  breadth  and  brigblness  on  tbo  following      i 

wliicL  oovcra  tbo  tail  of  Scorpio,  and  terminates  in  a  vast  and     1 
m  over  tbe  wbole  KStensive  region  occupied  by  tbe  preceding      1 
iuchus,  estending  uortbwarda  to  tbo  parallel  of  103=  NPD, 
ii'li  it  csDQOt  be  traced ;  a  wide  interval  of  14°,  free  from  all     | 
of  nebulous  ligbt,  gepamting  it  from  the  great  branch  on  the 

leturning  to  the  point  of  sepamlion  of  tbia  great  briiuch  from 
ream,  let  ns  now  pursue  the  course  of  the  latter.     Alaking  an 
d  to  the  following  side,  it  passes  over  tbo  stars  t  Aras,  9  and  i 
1  y  Tubi  to  y  Sogiltnrii,  where  it  suUdonlj  collects  into  a  vivid 
about  G°  in  length  and  4°  in  breadth,  so  excessively  rich  m 
very  moderate  calculation  makes  ihoir  number  exceed  100,000. 

lied  by  three  deep  concavities,  separated  from  each  other  by 
protuberances,   of   which   the   larger   and   brighter  (situated 
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(792.)  We  have  been  somewhat  circumstantial  in  describing  the  course 
nd  principal  features  of  the  Via  lisctea,  not  only  because  there  docs  not 
oeenr  anywhere  (so  far  as  we  know)  any  correct  account  of  it,  but  chiefly 
hj  icaaon  of  its  high  interest  in  sidereal  astronomy,  and  that  the  reader 
■ay  pereeive  how  very  difficult  it  must  necessarily  be  to  form  any  just 
eooeeplaon  of  the  real,  solid  form,  as  it  exists  in  space,  of  an  object  so 
eomplieatedv  and  which  we  see  from  a  point  of  view  so  unfavourable. 
The  diffionlty  is  of  the  same  kind  which  we  experience  when  we  set  our- 
selTea  to  conceive  the  real  shape  of  an  auroral  arch  or  of  the  clouds,  but 
frr  greater  in  degree,  because  we  know  the  laws  which  regulate  the  forma- 
iMMi  of  the  latter,  and  limit  them  to  certain  conditions  of  altitude  —  bc- 
their  motion  presents  them  to  us  in  various  aspects,  but  chiefly 
we  contemplate  them  from  a  station  considerably  below  their 
gneiml  plane,  so  as  to  allow  of  our  mapping  out  some  kind  of  grouud- 
plui  of  their  shape.  All  these  aids  are  wanting  when  we  attempt  to  map 
sad  model  out  the  Galaxy,  and  beyond  the  obvious  conclusion  that  its 
Cm  moat  be,  generaUy  speaking,  flat,  and  of  a  thickness  small  in  com- 
-psriaoa  with  its  area  in  length  and  breadth,  the  laws  of  perspective  afford 
M  liule  farther  assistance  in  the  inquiry.  Probability  may,  it  is  true, 
hcia  and  there  enlighten  us  as  to  certain  features.  Thus  when  we  see,  as 
in  the  eoal-sack|  a  sharply  defined  oval  space  free  from  stars,  insulated  in 
the  midat  of  a  nniform  band  of  not  much  more  than  twice  its  breadth,  it 
would  aeem  much  less  probable  that  a  conical  or  tubular  hollow  traverses 
the  whole  of  a  stany  stratum,  continuously  extended  from  the  eye  out- 
waidsy  than  that  a  dutant  mass  of  comparatively  moderate  thickness 
.  should  be  simply  perforated  from  side  to  side,  or  that  an  oval  vacuity 
■boald  be  seen  foreshortened  in  a  distant  foreshortened  area,  not  really 
eseeeding  two  or  three  times  its  own  breadth.  Neither  can  we  without 
obnooB  improbability  refuse  to  admit  that  the  long  lateral  offsets  which  at 
BO  many  places  quit  the  main  stream  and  run  out  to  great  distances,  are 
either  planes  seen  edgeways,  or  the  convexities  of  curved  surfaces  viewed 
tangentially,  rather  than  cylindrical  or  columnar  excrescences  bristling  up 
obUqnely  from  the  general  level.  And  in  the  same  spirit  of  probable 
wmy»if^  we  may  account  for  the  intricate  reticulations  above  described  as 
fVT*^"g  in  the  region  of  Scorpio,  rather  by  the  accidental  crossing  of 
streaks  thus  ori^nating,  at  very  different  distances,  or  by  a  cellular  struc- 
tore  of  the  mass,  than  by  real  intersections.  Those  cirrous  clouds  which 
are  often  seen  in  wiAdy  weather,  conv<^y  no  unapt  impression  cither  of  the 
kind  of  appearance  in  question,  or  of  the  structure  it  suggests.  It  is  to 
other  indications  however,  and  chiefly  to  the  telescopic  examination  of  its 
intimate  constitution,  and  to  the  law  of  the  distribution  of  stara,  not  only 
29 


OUrLINES    0?   ASTBONOMT.  1 

DSiDm,  but  generally  over  (he  lieavcns,  that  we  must  look  for 

i  knowledge  vespecting  ils  true  form  aod  ejilcnt. 

is  on  observations  of  this  littter  class,  and  not  on  tnerelj 

If  conjectural  views,  that  the  generalization  in  Art.  786,  which 

I  phmnomena  of  the  Blarry  firmament  to  the  syalem  of  the  Ga- 

embodying  fact,  ia  brought  to  depend.     The  process  of 

0  heavens  waa  devised  by  Sir  W.  Hereche!  for  this  purpose. 

simply  counting  the  etara  of  all  magnitudes  which  oceur  in 

f  Tiew,  of  15'  in  diniiieter,  visible  through  a  reflecting  telo- 

3  inches  aperture,  and  SO  feet  focal  length,  with  a  magnifying 

fcSO"  :  the  points  of  observation  being  very  numerous  and  taken 

lately  in  every  part  of  the  surface  of  the  spbero  visible  in  our 

^  On  a  comparison  of  many  hundred  suob  "gauges"  or  local 

i  it  appears  that  the  density  of  star-light  (or  the  number  of 

5  on  an  average  of  severa!  snch  enumerations  in  any  one  im- 

■iighbourhood)  is  least  in  the  polo  of  the  Galaclic  cire/r,'  and 

1  all  sides,  with  the  Galactic  polar  distance  (and  that  nearly 

I  all  directions)  down  to  the  Alilky  Way  itself,  where  it  attuins 

The  progressive  rate  of  inorease  in  proceeding  from  the 

les  more  and  more  rapid  as  wc  approach  the 
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(794.)  These  Dmnben  fully  bear  oat  the  statement  in  Art  786^  and 
efio  dnw  oloeer  the  reaemblanoe  by  which  that  statement  is  there  illas- 
tnled.  For  the  rapidly  increasing  density  of  a  fog-bank  as  the  visual  ray 
ii  fcpifod  toiwardB  the  plane  of  the  horizon  is  a  consequence  not  only  <^ 
ifai  mere  increase  in  length  of  the  foggy  space  traversed,  but  also  of  an 
ictnal  inerease  of  density  in  the  fog  itself  in  its  lower  strata.  Now  this 
tny  eonditdon  follows  from  a  comparison  inter  ge  of  the  numbers  ttbove 
set  down,  as  M.  Struye  has  clearly  shown  from  a  mathematical  analysis 
of  the  empirical  fnmula,  which  fiiithfully  represents  their  law  of  progres- 
MD,  and  of  which  he  states  the  result  in  the  following  table,  expressing 
the  densities  of  the  stars  at  the  respective  distances,  1,  2,  8,  &c.,  from  the 
gdaetie  pkne,  taking  the  mean  density  of  the  stars  in  that  plane  itself 
fironity. 


GatellaPiam. 

DiBii«gr«fStan. 

Diftaooes  tnm  th« 
Oalactle  Flue. 

JkmMj  ot  auen. 

0-10 

e-20 

0-30 
0-40 

1-00000 
0-48508 
0-33288 
0-23805 
0-17080 
013021 

0-50 
0-60 
0-70 
0-80 
0-866 

008646 
0-05510 
0-03079 
0*01414 
0-00532 

Ilw  unit  of  distance,  of  which  the  first  column  of  this  table  ezpresses 
ftaotional  parts,  is  the  distance  at  which  such  a  telescope  is  capable  of 
rendering  just  vitibk  a  star  of  average  magnitude,  or,  as  it  is  termed,  its 
^aee-fenetrating  power.  As  we  ascend  therefore  from  the  galactic  plane. 
iBto  Uiis  kind  of  stellar  atmosphere,  we  perceive  that  the  density  of  its 
parallel  strata  decreases  with  great  rapidity.  At  an  altitude  above  that 
plane  equal  to  only  one-twentieth  of  the  telescopic  limity  it  has  already 
diminished  to  one-half,  and  at  an  altitude  of  0-866,  to  hardly  more  than 
one-two-hnndredth  of  its  amount  in  that  plane.  So  far  as  we  can  perceive 
there  is  no  flaw  in  this  reasoning,  if  only  it  be  granted,  1st,  that  the  level 
pknea  are  continuous,  and  of  equal  density  throughout;  and,  2d]y,  that 
cm  ahwaibUe  and  definite  limit  u  set  to  telescopic  visionj  beyond  vhicky  if 
Man  exisif  tkey  dude  our  sighty  and  are  to  us  as  if  they  existed  not :  a 
postulate  whose  probability  the  reader  irill  be  in  a  better  condition  to  esti- 
mate, when  in  possession  of  some  other  particulars  respecting  the  eonsti. 
tntioD  of  the  Galaxy  to  be  described  presently. 

(795.)  A  similar  coarse  of  observation  followed  out  in  the  southern 
hemisphere,  leads  independently  to  the  same  conclusion  as  to  the  law  of 
the  Tisible  distribution  of  stars  over  the  sonthom  galactic  hemisphere,  or 
that  half  of  the  celestial  surface  which  has  the  south  galactic  pole  for  its 
eentre.    A  system  of  gauges,  extending  over  the  whole  surfiuse  of  that 
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«ildbiting  »  nfttd  loooesnon  of  closely  cIusteriDg  rich  patches  8ei>aTated 
lij  eompumtively  poor  intervals,  and  indeed  in  some  instances  by  spaces 
■baoifaitely  dark  and  eompleiely  void  of  any  star,  even  of  the  smallest 
ftdenopie  magnitude.  In  some  placdb  not  more  than  40  or  50  stars  on 
an  avenge  oooor  in  a  <' gauge"  field  of  15',  while  in  others  a  similar 
avenge  gives  a  jnsolt  of  400  or  500.  Nor  is  less  variety  observable 
in  the  ehancter  of  its  difierent  regions  in  respect  of  the  magnitudes  of 
the  Stan  they  exhibit,  and  the  proportional  numbers  of  the  larger  and 
■nailer  magnitades  associated  together,  than  in  respect  of  their  aggregate 
mmben.  In  some,  for  instance,  extremely  minute  stars,  though  never 
altogether  wanting,  oocnr  in  numbers  so  moderate  as  to  lead  us  irresistibly 
to  the  oonelnaion  that  in  these  regions  we  see  fairly  trough  the  starry 
itntom^  rinoe  it  is  impossible  otherwise  (supposing  their  light  not  inter- 
eepted)  that  the  numbers  of  the  smaller  magnitudes  should  not  go  on 
eontinaally  increasing  ad  infinitum.  In  such  cases  moreover  the  ground 
of  the  heavens,  as  seen  between  the  stars,  is  for  the  most  part  perfectly 
dark,  whioh  again  would  not  be  the  case,  if  innumerable  multitudes  of 
ilany  too  minute  to  be  individually  discernible,  existed  beyond.  In 
other  regiona  we  are  presented  with  the  phenomenon  of  an  almost  uni- 
fiirm  degree  of  brightness  of  the  individual  stars,  accompanied  with  a 
veiy  even  distribution  of  them  over  the  ground  of  the  heavens,  both  tho 
larger  and  smaller  magnitudes  being  strikingly  deficient.  In  such  cases 
it  ia  equally  impoasible  not  to  perceive  that  we  are  looking  through"  b,  sheet 
of  stars  nearly  of  a  siae,  and  of  no  great  thickness  compared  ^th  the  dis« 
ianoe  which  separates  them  from  us.  Were  it  otherwise  we  should  bo 
driven  to  suppose  the  more  distant  stars  uniformly  the  larger,  so  as  to 
compensate  by  their  greater  intrinsic  brightness  for  their  greater  distance, 
a  supposition  contnry  to  all  probability.  In  others  again,  and  that  not 
unfteqnently,  we  are  presented  with  a  double  phsenomenon  of  the  same 
kind,  vis.  a  tissue  as  it  were  of  large  stars  spread  over  another  of  very 
small  ones,  the  intermediate  magnitudes  being  wanting.  The  conclusion 
here  seems  equally  evident  that  in  such  cases  we  look  through  two  side- 
real sheets  scpanted  by  a  starless  interval. 

(798.)  Throughout  by  fEir  the  larger  portion  of  the  extent  of  the  Milky 
Way  in  both  hemispheres,  the  general  blackness  of  the  ground  of  the 
heavens  on  which  its  stars  are  projected,  and  the  absence  of  that  innu- 
menble  multitude  and  excessive  crowding  of  the  smallest  visible  magni- 
tudes, and  of  glare  produced  by  the  aggregate  b'ght  of  multitudes  too 
ioiall  to  affsot  Ihe  eye  singly,  which  the  contrary  supposition  would  appear 
to  neoessitate,  must,  we  think,  be  considered  unequivbcal  indications  that 
its  dimensions  in  directions  where  these  conditions  obtain,  are  not  only  not 
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ierce  through  and  beyond  it.      It  is  but  right,  however,  to  Hara 
B  that  this  eouc'luEion  has  been  controverted,  and  that  by  la 
,ot  lightly  to  be  put  aside,  on  the  ground  of  certain  views  taken 
as  to  a  defect  of  perfect  tronaparcncy  in  the  celeetinl  spaces,  in 
rhieh  the  light  of  the  more  distant  stare  is  enfeebled  more  than 
on  to  their  distance.     The  extinction  of  light  thus  originating, 

il,  a  limit,  it  is  argued,  is  placed  to  the  space-penetrating  powers 
es,  far  within  that  which  distance  alone  apart  from  ench  obsca* 
id  assign.     It  would  lead  ub  too  far  aside  of  the  objecU  of  a. 
this  nature  to  enter  upon  any  discussion  of  the  grounds  (partly 
al)  on  which  these  views  rely.     It  must  suffice  here  to  obBerve 
jection  alluded  to,  if  applicable  to  any,  is  eqaallj-  so  to  eveij 
galaxy.     We  arc  not  at  liberty  to  argue  that  at  one  part  of  itB 
ice,  our  view  is  limited  by  this  sort  of  cosmica!  veil  whicli 
^s  the  smaller  magnitudes,  cuts  off  the  nebulous  light  of  distant 
i  closes  our  view  in  impenetrable  darkness;  while  at  another 
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that  we  look  oat  beyond  them  into  space,  the  smallest  visible  stars 
i   qipew  as  meh,  not  by  reason  of  excessive  distance,  but  of  a  real  inferiority 
flf  ne  or  brightness. 

Z^'^TM.)  When  we  speak  of  the  comparative  remoteness  of  certain 
^npona  of  the  starry  heavens  beyond  others,  and  of  our  own  situation  in 
theiDi  the  question  immediately  arises,  what  is  the  distance  of  the  nearest 
ind  atar?  What  is  the  scale  on  which  our  visible  firmament  is  con- 
flneted  f  And  what  proportion  do  its  dimensions  bear  to  those  of  our 
6VB  immediate  system?  To  these  questions  astronomy  has  at  length 
beoi  enabled  to  afibrd  an  answer. 

(800.)  The  diameter  of  the  earth  has  served  us  for  the  base  of  a  tri- 
an^ey  in  the  trigoncmeirical  mirvey  of  our  system  (art.  274,)  by  which  to 
oknlate  the  distance  of  the  sun ;  but  the  extreme  minuteness  of  the  sun's 
faiallaz  (art  857,)  renders  the  calculation  from  this  'Mll-conditioncd " 
fenangle  (art.  275,)  so  delicate,  that  nothing  but  the  fortunate  combination 
of  fiiTonrable  circumstances,  afforded  by  the  transits  of  Venus  (art.  470,) 
flOoU  render  its  results  even  tolerably  worthy  of  reliance.  But  the  earth's 
fiameter  is  too  small  a  base  for  direct  triangulation  to  the  verge  even  of 
ov  own  system  (art.  526,)  and  we  arc,  therefore  obliged,  to  substitute 
Ae  annwd  paraUax  for  the  diurnal,  or,  which  comes  to  the  same  thing, 
to^nmnd  onr  calculation  on  the  relative  velocities  of  the  earth  and  planets 
m  their  orbits  (art.  486,)  when  we  would  push  our  triangulation  to  that 
extent.  It  might  be  naturally  enough  expected,  that  by  this  enlargement 
of  our  base  to  the  vast  diameter  of  the  earth's  orbit,  the  next  step  in  our 
nrfej  (art.  275,)  would  be  made  at  a  great  advantage ; — that  our  change 
of  Btadon,  from  side  to  side  of  it,  would  produce  a  considerable  and  easily 
meaaorable  amount  of  annual  parallax  in  the  stars,  and  that  by  its  means 
wa  ahoald  come  to  a  knowledge  of  their  distance.  But,  after  exhausting 
ereiy  refinement  of  observation,  astronomers  were,  up  to  a  very  late  period, 
unable  to  come  to  any  positive  and  coincident  conclusion  upon  this  head ; 
and  the  amount  of  such  parallax,  even  for  the  nearest  fixed  star  examined 
with  the  requisite  attention,  remained  mixed  up  with,  and  concealed 
among,  the  errors  incidental  to  all  astronomical  determinations.  The 
nature  of  these  errors  has  been  explained  in  the  earlier  part  of  this  work, 
and  we  need  not  remind  the  reader  of  the  difficulties  which  must  necessa- 
rily attend  the  attempt  to  disentangle  an  clement  not  exceeding  a  few 
tenths  of  a  second,  or  at  most  a  whole  second,  from  the  host  of  uncertain- 
ties entailed  on  the  results  of  observations  by  them  :  none  of  them  indi- 
vidually perhaps  of  greater  magnitude,  but  embarrassing  by  their  number 
and  fluctuating  amount.  Nevertheless,  by  successive  refinements  in 
instrument  making,  and  by  constantly  progressive  approximation  to  the 
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ledgo  of  tbe  UranngrnpLical  correclioiis,  that  nssnninve  tad 
icJ,  evca  in  the  earlit-r  jeara  of  iho  present  century,  vii.  that     , 

au  araouut  of  porallnx  exeoeding  a  single  second  of  arc.     It  is 
}   to  paase  for  a  njonicut  ia  consider  what  cauclusioua  would 
tbe  utjmission  of  a  parallax  to  this  amount, 
ladiua  is  to  tlie  sine  of  1"  as  200265  to  1.     lo  tliis  proportion 
st  must  the  distance  of  tbe  fixed  bIotb  Atim  the  gun  exceed  th&t 
from  the  earth.     Again,  the  latter diatanee,  aa  we  hove  already 
157,)  ex(!eeds  the  earth's  nidius  in  the  proportion  of  23084  to 
;  therefore  the  earth's  radius  for  unity,  a  parallas  of  1"  rap- 
,iBce  of  4947050700  or  nearly  five  thousand  milJiona  of  sucli 
lastly,  to  descend  to  ordinary  standards,  since  the  earth's  mdius 
;en  at  4000  of  our  miles,  we  find  19788239040000  or  about 
iocs  of  miles  for  our  resulting  distance. 

n  Eueh  Dumben  the  imagination  is  lost.     The  only  mode  we 
acciving  such  inler%-ala  at  all  is  by  the  time  wTiich  it  would 
light  to  traverjmj  them.     Light,  as  we  know  (art.  545,)  travels 

it  in  8"  13''3.     It  would,  therefore,  occupy  206205  times  this 
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viewed  throngh  the  gauging  telescope,  the  same  impression  ns  a  star  of 
*die  sixth  magnitude  does  to  tho  naked  eye.  Among  tbe  infinite  multitude 
flf  anch  Btars  in  tbe  remoter  regions  of  the  galaxy,  ft  is  but  fair  to  con- 
dodo  that  innumerable  individuals  equal  in  intrinsic  brightness  to  those 
which  immediately  surround  us,  must  exist.  The  litrbt  of  such  stars, 
tbeiii  must  have  occupied  upwards  of  2000  years  in  travelling  over  the 
distuice  which  separates  them  from  our  own  system.  It  follows,  then, 
that  when  we  observe  the  places  and  note  the  appearance  of  such  stars,  we 
are  only  reading  their  history  of  two  thousand  years'  anterior  date,  thus 
wonderfally  recorded.  We  cannot  escape  this  conclusion,  but  by  adopting 
SB  mn  alternative  an  intrinsic  inferiority  of  light  in  all  the  smaller  stars 
of  the  galaxy.  We  shall  be  better  able  to  estimate  the  probability  of  this 
alternative  when  we  shall  have  made  acquaintance  with  other  sidereal 
systems,  whose  existence  the  telescope  discloses  to  us,  and  whose  analogy 
will  satisfy  us  that  the  view  of  the  subject  here  taken  is  in  perfect  har- 
mony with  the  general  tenor  of  astronomical  facts. 

(804.)  Hitherto  we  have  spoken  of  a  parallax  of  1"  as  a  mere  limit, 
Mow  which  that  of  any  star  yet  examined,  assuredly,  or  at  least  very 
probably,  fSdls,  and  it  is  not  without  a  certain  convenience  to  regard  this 
amount  of  parallax  as  a  sort  of  unit  of  reference,  which,  connected  in  the 
nader's  recollection  with  a  parallactic  unit  of  distance  from  our  system 
of' 20  billions  of  miles,  and  with  a  3^  years'  journey  of  light,  may  save 
Um  the  trouble  of  such  calculations,  and  ourselves  the  necessity  of  covex^ 
iDg  onr  pages  with  such  enormous  numbers,  when  speaking  of  stars  whose 
parallax  has  actually  been  ascertained  with  some  approach  to  certainty, 
either  by  direct  meridian  obser\'ation,  or  by  more  refined  and  delicate 
methods.  These  we  shall  proceed  to  explain,  after  first  pointing  out  the 
theoretical  peculiarities  which  enable  us  to  separate  and  disentangle  its 
tfects  from  those  of  the  Uranograpbical  corrections,  and  from  other  causes 
of  error,  which,  being  periodical  in  their  nature,  add  greatly  to  the  diffi- 
eolty  of  the  subject.  The  eficcts  of  precession  and  proper  motion  (see 
art  852,)  which  are  uniformly  progressive  from  year  to  year,  and  that  of 
natation,  which  runs  through  its  period  in  nineteen  years,  it  is  obvious 
enough,  separate  themselves  at  once  by  these  characters  from  that  of  pa- 
rallax; and,  being  known  with  very  great  precision,  and  being  certainly 
independent,  as  regards  their  causes,  of  any  individual  peculiarity  in  tho 
stars  affected  by  them,  whatever  small  uncertainty  may  remain  respecting 
the  numerical  elements  which  enter  into  their  computation  (or,  in  mathe- 
matical language,  their  ro-rffirients),  can  give  rise  to  no  embarrassment 
With  regard  to  aberration  the  case  is  materially  different  This  correc- 
tion affects  the  place  of  a  star  by  a  fluctuation,  annual  in  its  period,  and 
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0  fir  agreeing  wllb  parallax.     It  is  also  very  similar  in  die 
ariation  at  differeat  seiaons  of  the  year,  parullas   liaving  tar 
c  art.  343,  344,)  the  apparent  place  of  the  buu  in  tlie  eclipt^ 
ion  u  point  in  the  santo  great  circle  S0°  behind  tliat  plikce,  bd 
the  fi)rraulw  of  calculation  (the  coefficients  excypled)  are  the 
ih,  substituting  only  for  the  bud's  longitude  in  tlic  c^ipression 
that  longitude  dimioialied  by  90"  for  the  other.    Moreover,  in 
<if  absii/nle  certaivly  respecting  the  nature  of  the  propagation 

j,omLiliiy,  that  the  velocity  of  light  may  be  to  some  slight 
jciideut  ou  indiviJual  peculiarities  in  the  budy  emitting  it.' 
f  we  suppose  a  line  drawn  from  the  star  to  the  earth  at  all 
he  year,  it  is  evident  that  this  line  will  sweep  over  the  surface 
■dingly  acute,  oblique  eono,  having  for  its  axis  the  line  joining 
i  star,  and  for  its  base  the  earth's  annual  orbit,  whith,  for  the 
pose,  we  may  suppose  circular.    The  star  will  therefore  appear 
each  year  about  its  mean  place,  regarded  us  ffxed,  and  in  virtue 
aloDO,  3  minute  ellipse,  the  section  of  this  cone  by  the  surface 
tial  sphere,  perpendicular  to  the  visual  ray.      But  there  is  also 
MT^hicWh^ani^iic^tt^^epreBenlcd^Th^ppar^ 
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ibtee  of  bodi  rinhilteneooBly  be  found  in  C,  i,  e.  in  the  circnmference  of 
a  aide  wbose  ndins  is  8  G,  mmI  at  a  point  in  that  circle  in  advance  of  A, 
Ihe  abomtioiial  place,  by  the  angle  A  S  C.  Now,  since  S  A  :  A  C  :.: 
IM :  1,  wo  find  ftr  the  angle  A  S  C  2''  47'  35'',  and  for  the  length  of 


Fig.  109. 


Ae  ndhia  8  0  of  the  circle  representing  the  compound  motion  20'' -524. 
The  difbrenoe  ((K'-024)  between  this  and  S  C,  the  radius  of  the  aberra- 
lioB  ebtde,  is  quite  imperceptible,  and  even  supposing  a  quantity  so  mi-. 
ante  to  be  capable  of  detection  by  a  prolonged  series  of  observations,  it 
WoqM  remain  a  question  whether  it  were  produced  by  parallax  or  by  a 
apeeifie  diftnnoe  of  aberration  from  the  general  average  20"*5  in  the  star 
ilKlf.  It  is  therefore  to  the  difference  of  2°  48'  between  the  angular 
aitutioii  of  the  displaced  star  in  this  hypothetical  orbft,  t.  e.  in  the 
onptmentM  (as  they  are  called)  of  the  joint  correction  QP  S  C)  and  that  of 
abemtion  alone  (T  8  A),  that  wo  have  to  look  for  the  resolution  of  the 
]noblem  of  parallax.  The  reader  may  easily  figure  to  himself  the  deli- 
CMj  of  an  inquiry  which  turns  wholly  (even  when  stripped  of  all  its  other 
diScnlties)  on  the  precise  determination  of  a  quantity  of  this  nature,  and 
of  sneh  very  moderate  magnitude. 

(806.)  But  these  other  difficulties  themselves  are  of  no  trifling  order. 
AU  aatronomical  instruments  are  affected  by  differences  of  temperature. 
Not  only  do  ihe  materials  of  which  they  are  composed  expand  and  con- 
tact, but  the  masonry  and  solid  piers  on  which  they  are  erected,  nay  even 
the  very  soil  on  which  these  are  founded,  participate  in  the  gcnenil  change 
from  summer  warmth  to  winter  cold.  Hence  arise  slow  oscillatory  move- 
ments of  exceedingly  minute  amount,  which  levels  and  plumb-lines  afford 
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deqniite  mcacs  of  detecting,  aud  which  ifiny  «?so  ffnnMa7i» 
(after  rejecting  whatever  is  merely  casual  and  momentary) 

Ives  intiranlcly  with  tlin  matter  of  our  mquiry.  liefraotioa 
itfl  casual  variations  from  nigbt  to  night,  whioh  a  long  xtim 

ons  would  eliuiinote,  depends  for  its  tbeoreticiil  expression  oa 

tion  of  the  strata  of  onr  Btoiosphere,  and  the  law  of  the  dis- 
heat  and  moisture  at  diiferciit  elevations,  which  cannot  b« 

y  diflference  of  seaRoo.     No  wonder  then  that  mere  meridional 

ic  very  remarkable  instance,  to  afford  unqueationable  evideso^ 
tory  quantitative  measurement  of  the  parallel  of  any  fixed 

le  inatance  referred  lo  is  that  of  a  CenUuri,  one  of  the  brightest 
ny  other  reasoua,  one  of  the  most  remarkable  of  the  southera 

y  of  the  Cape  of  Good  Hope  in  the  yeara  1832  and  1833,  by 

mount  of  an  entire  second  was  concluded  on  Lis  reduction  of 
tions  in  qocstion  after  his  return  to  England.     Subsequent 
^|OI^ladea^a|ll^it!jlj^amejan(Ua^ 
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of  ita  being  affseted  by  2i  proper  motion  (see  art.  852)  ».  e.  a  regqjAr 
mi  eootinuallj  jwogreaaiTe  aonual  displacement  among  the  surrounding 
Itan  to  the  extent  of  more  than  5"  per  annum,  a  quantity  so  very  much 
ItMnedim  the  aTerago  of  similar  minute  annual  displacements  which  many 
alhar  iftui  eadiibit^  as  to  lead  to  a  suspicion  of  its  being  actually  nearer  to 
sir  Bjifeem.  It  is  not  a  little  remarkable  that  a  similar  presumption  of 
fmimitj  exists  also  in  the  case  of  a  Centauri,  whose  unusually  largo 
|nper  motion  of  nearly  4"  per  annum  is  stated  by  Professor  Henderson 
to  hftfs  been  the  motive  which  induced  him  to  subject  his  observations  of 
Ait  star  to  thai  severe  discussion  which  led  to  the  detection  of  its  parallax. 
IL  Beaael's  observations  of  61  Cygni  were  commenced  in  August  1837, 
iBiiBedixtely  on  the  establishment  at  the  Konigsbcrg  observatory  of  a 
■agnifioent  heliometefi  the  workmanship  of  the  celebrated  optician  Fraun- 
hoferi  of  Monich,  an  instrument  especially  fitted  for  the  system  of  obser- 
vitioii  adopted ;  which  being  totally  difierent  from  that  of  direct  meri- 
fiooal  observation,  more  refined  in  its  conception,  and  susceptible  of  fsir 
graater  aoenracy  in  ita  practical  application,  we  must  now  explain. 

(B09.)  Parallax,  proper  motion,  and  specific  aberration  (denoting  by 
Ae  Ifttter  phrase  that  part  of  the  aberration  of  a  star's  light  which  may 
he  eappoMd  to  arise  from  its  individnol  pecaliarities,  and  which  we  have 
eiMj  reaaoD  to  believe  at  all  events  an  exceedingly  minute  fraction  of  the 
vholei)  ate  the  only  nranographicol  corrections  which  do  not  necessarily 
aftet  alike  the  apparent  places  of  two  stars  situated  in,  or  very  nearly  tn, 
Ae  MUM  Tisnal  line.  Supposing  then  two  stars  at  an  immense  dbtance, 
Ae  one  behind  the  other,  but  otherwise  so  situated  as  to  appear  very 
nenly  along  the  same  viaoal  line,  they  will  constitute  what  is  called  a  star 
cpliedify  doMe,  to  disUnguish  it  from  a  star  phyticcdly  double,  of  which 
man  hereafter.  Aberration  (that  which  is  common  to  all  stars),  prece»- 
■OD,  natataraiy  nay,  even  re/ractionf  and  instrumental  cause*  of  apparent 
iitfUacemeiUj  will  affed  them  alike,  or  so  very  nearly  alike  (if  the  minute 
ffiffnrenoe  of  their  apparent  places  be  taken  into  account)  as  to  admit  of 
the  differenoe  being  neglected,  or  very  accurately  allowed  for,  by  an  easy 
toalealation.  If  then,  instead  of  attempting  to  determine  by  observation 
Mie  place  of  the  nearer  of  two  very  unequal  stars  (which  will  probably  be 
ve  laiger)  by  direct  observation  of  its  right  ascension  and  polar  distance, 
|We  content  onraelves  with .  referring  its  place  to  that  of  its  remoter  and- 
smaller  companion  by  differential  observation,  i,  e.  by  measuring  only  its 
difirenee  of  sitoation  from  the  latter,  we  are  at  once  relieved  of  the 
neeeasity  of  making  these  corrections,  and  from  all  uncertainty  as  to  their 
inflnence  on  the  result  And  for  the  very  same  reason,  errors  of  adjust- 
ment (ark  186)|  of  graduationi  and  a  boat  of  instrumental  errors,  which 
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taellj  both  the  ^ttanoe  between  two  objects  which  can  be  seen  together 
k  tiie  nine  field  of  a  telescope,  and  the  position  of  the  line  joining  them 
vilh  req»eofc  to  the  horizoD,  or  the  meridian,  or  any  other  determinate 
Jwetkm  in  the  heaTens.  The  doable  image  micrometer,  and  especially 
tte  heliometer  (art  200, 201)  is  peculiarly  adapted  for  this  purpose.  The 
inagea  of  the  two  stars  formed  side  by  side,  or  in  the  same  line  prolonged, 
hewewr  momentarily  displaced  by  temporary  refraction  or  instrumental 
tramoTi  move  together,  preserving  their  relative  situation,  the  judgment 
if  which  ifl  no  way  disturbed  by  such  irregular  movements.  The  holio- 
aeter  also,  taking  in  a  greater  range  than  ordinary  micrometers,  enables 
•B  to  compare  one  large  star  with  more  than  one  adjacent  small  one,  and 
to  aeleet  anch  of  the  latter  among  many  near  it,  as  shall  be  most  favour- 
ably aitnated  for  the  detection  of  any  motion  in  the  large  one,  not  partici- 
pated in  by  its  neighbours. 

(812.)  The  star  examined  by  Bessel  has  two  such  neighbours,  both  very 
ainnte,  and  therefore  probably  very  distant,  most  favourably  situated,  the 
(f)  at  a  distanoe  of  7'  42",  the  other  (s')  at  11'  46"  from  the  large 

',  and  80  situated,  that  their  directions  from  that  star  make  nearly  a 
right  angle  with  each  other.  The  effect  of  parallax  therefore  would 
cause  the  two  distances  S  s  and  S  s'  to  vary  so  as  to  attain 
mazimnm  and  minimum  values  alternately  at  three-monthly  inter- 
fab^  and  this  is  what  was  actually  observed  to  take  place,  the  one  distance 
haing  always  on  the  increase  or  decrease  when  the  other  was  stationary 
(the  oniform  efiect  of  proper  motion  being  understood  of  course  to  bo 
alwaya  duly  aeooanted  for).  This  alternation,  though  so  small  in  amount 
as  to  indicate,  as  a  final  result,  a  parallax,  or  rather *a  difference  of  paral- 
kiaa  between  the  large  and  small  stars  of  hardly  more  than  one  third  of 
a  aeeond,  was  maintained  with  such  regularity  as  to  leave  no  room  for 
maonable  donbt  as  to  its  cause,  and  having  been  confirmed  by  the  further 
eontinnance  of  these  observations,  and  quite  recently  by  the  exact  coinci- 
denee  between  the  result  thus  obtained,  and  that  deduced  by  M.  Peters 
from  obaervationa  of  the  same  star  at  the  observatory  of  Pulkova',  is  con- 
rideied  on  all  hands  as  fully  established.  The  parallax  of  this  star  finally 
reaalting  from  Bessel's  observation  is  0"*348,  so  that  its  distance  from  our 
lystem  is  very  nearly  three  parallactic  units.  (Art.  804.) 

(818.)  The  bright  star  a  Lyrae  has  also  near  it,  at  only  43"  distance 
(and  therefore  within  the  reach  of  the  pa^lel  wire  or  ordinary  double 
image  micrometer)  a  very  minhte  star,  which  has  been  subjected  since 
1885  Ura  severe  and  assiduous  scrutiny  by  M.  Struve,  on  the  same  prin- 
dple  of  diffBrential  observation.     lie  has  thus  established  the  existence 

■  With  the  great  vertical  circle  by  Ertel. 
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lirub!e  umouDt  of  parallax  ia  tbe  lar^  star,  loss  indeed  than 

I  '-'ys"'  (being  ooly  about  ^  of  b.  sccoud),  but  yet  sufEoicat 

the  dolieucy  of  liia  lueasurements)  to  justify  this  eiccUoDt 

announcing  the  result  as  at  least  highly  probable,  on  tha 

only  five  nigbls'  observation,  in  1835  and  1836.     This  pro- 

:;  cDDtinuatiou  of  tho  measures  to  the  end  of  1S38  and  tbe 

e,  though  not  ia  this  cose  precisely  ooincident,  result  of  Mr. 

■vGstigutions  buve  couvcrted  into  a  certainty.     H.  Struve  hu 

■f  being  the  first  (o  bring  into  practical  application  ibid  method 

vrhich,  though  proposed  for  tbe  purpose,  and  its  great  »d- 

dout  by  Sir  Williuin  Hersehel  bo  early  as  1781',  remained 

ire  of  any  result,  owing  partly  to  the  imperfection  of 

I  for  tbe  ineu^uremeu-t  of  distanoe,  and  partly  to  u.  reason 

?otly  have  occasion  to  refer  to. 

If  the  compoueui  indiviciuals  8,  s  {Ji/j.  art  810,)  be  (as  is  tften 

lery  close  to  each  other,  the  paruUaclic  variutioo  of  tbeir  angle 

r  the  extreme  angle  included  between  the  lines  A  a,  C^ 

y  considerable,  oven  for  a  small  amount  of  difference  of  panl- 

n  tiio  large  niid  small  stars.     For  inst-itnco  iu  the  case  of  two 

ise  fuvourably  situate  for  ohserTa- 
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Althoagh  the  extrema  miDuteneBS  of  the  last  four  of  these  results  de- 
frim  them  of  much  nomerical  reliance,  it  is  at  least  certain  that  the 
wtrfl^Tf  by  no  means  follow  the  order  of  magnitudes,  and  this  is  farther 
Aown  hy  the  &et  that  o  Cjgni,  one  of  M.  Patera's  stars,  shows  absolutely 
w  mdioations  of  any  measurable  parallax  whatever. 

(816.)  From  the  distimce  of  the  stars  we  are  naturally  led  to  the  con- 
■doratiaii  of  their  real  magnitudes.  But  here  a  difficulty  arises,  which, 
aa  &r  as  ve  can  judge  of  what  optical  instruments  are  capable  of  effcct- 
B^  mnat  alwaya  remain  insuperable.  Telescopes  afford  us  only  negative 
infiyrmatioii  as  to  the  apparent  angular  diameter  of  any  star.  The  round, 
inU-defined,  planetary  discs  which  good  telescopes  show  when  turned  upon 
a^y  of  the  brighter  stars  are  phsenomena  of  diffraction,  dependent,  though 
at  preeent  somewhat  enigmatically,  on  the  mutual  interference  of  the  rays 
of  lighU  They  are  consequently,  so  far  as  this  inquiry  is  concerned, 
mere  optical  illusions,  and  have  therefore  been  termed  spun'uus  discp. 
Ihe  proof  of  this  is  that  telescopes  of  different  apertures  and  magnifying 
powersy  when  applied  for  the  purpose  of  measuring  their  angular  diamc- 
tm^  give  different  resultSy  the  greater  aperture  (even  with  the  same  mag- 
vltpcng  power)  living  the  smaller  disc.  That  the  true  disc  of  even  tj^ 
hrgd  and  bright  star  can  have  but  a  very  minute  angular  measure,  ap- 
peaiB  firom  the  faot  that  in  the  occultation  of  such  a  star  by  the  moon,  its 
fitiiM?*ii?f'  is  abtoiuiely  inttantanfiom,  not  the  smallest  trace  of  gradual 
dimination  of  light  being  perceptible.  The  apparent  or  spurious  disc 
alao  remains  perfectly  rauwl  and  of  its  full  size  up  to  the  instant  of  dis- 
appeaimnoe^  which  oould  not  be  the  case  were  it  a  real  object.  If  our  sun 
were  removed  to  the  distance  expressed  by  our  parallactic  unit  (art.  804), 
its  apparent  diameter  of  32'  3"  would  be  reduced  to  only  0"*0093,  or  less 
than  the  hundredth  of  a  second,  a  quantity  which  we  have  not  the  smallest 
reason  to  hope  any  practical  improvement  in  telescopes  will  ever  show  as 
an  object  having  distinguishable  form, 

(817.)  There  remains  therefore  only  the  indication  which  the  quantity 
of  light  they  send  to  us  may  afford.  But  here  again  another  difficulty 
besets  us.  The  light  of  the  sun  is  so  immensely  superior  in  intensity  to 
that  of  any  star,  that  it  is  impracticable  to  obtain  any  direct  comparison 
between  them.  But  by  using  the  moon  as  an  intermediate  term  of  com- 
parison it  may  be  done,  not  indeed  with  much  precision,  but  sufficiently 
weU  to  satisfy  in  some  degree  our  curiosity  on  the  subject.  Now  a  Cen- 
tanri  has  been  directly  compared  with  the  moon  by  the  method  explained 
in  Art  783.  By  a  mean  of  eleven  such  comparisons  made  in  various 
states  of  the  moon,  duly  reduced  and  making  the  proper  allowance  on 
photometric  principles  for  the  moan's  light  lost  by  transmission  throOgh 
80 
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CHAPTER  XVI. 
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S8T. — IBBKOULAB  AND  TEMPORARY  STARS. —  ANCIENT  CHINESE  R£- 
00BD8  OF  SEVERAL.  —  MISSING  STARS.  —  DOUBLE  STARS.  —  THEIR 
CLASSinCATION. —  SPECIBIENS  OF  EACH  CLASS. — BINARY  SYSTEMS. 
—  RXVOLUTIOl^  ROUND  EACH  OTHER.  —  DESCRIBE  ELLIPTIC  ORBITS 
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OF  BEVXRAL. — ACTUAL  DIMENSIONS  OF  THEIR  ORBITS. —  COLOURED 
DOUBLE    STARS.  —  PHJ5N0MEN0N  OF  COMPLEMENTARY   COLOURS. — 

-  SANGUINE  STARS. — PROPER  MOTION  OF  THE  STARS. — PARTLY  AC- 
COUNTED FOR  BY  A  REAL  MOTION  OF  THE  SUN.  —  SITUATION  OF 
THE  SOLAR  APEX. — AGREEMENT  OF  SOUTHERN  AND  NORTHERN 
8TAB8  IN  GIVING  THE  SAME  RESULT. — ^PRINCIPLES  ON  WHICH  THE 
INVXSnOATION  OF  THE  SOLAR  MOTION  DEPENDS.  —  ABSOLUTE  VE- 
LOCITT  OF  THE  SUN'S  MOTION.  —  SUPPOSED  REVOLUTION  OF  THE 
WHOLE  SIDEREAL  SYSTEM  ROUND  A  COMMON  CENTRE. —  SYSTEMA- 
TIC PARALLAX  AND  ABERRATION. — EFFECT  OF  THE  MOTION  OF 
UOHT  IN  ALTERING  THE  APPARENT  PERIOD  OF  A  BINARY  STAR. 


(^ 


(819.)  Now,  for  what  purpose  are  we  to  suppose  such  magnificent  bodies 
fcattered  through  the  abyss  of  space?  Surely  not  to  illuminate  our 
Dights,  which  an  additional  moon  of  the  thousandth  part  of  the  size  of 
oar  own  would  do  much  better,  nor  to  sparkle  as  a  pageant  Toid  of  mean- 
ing and  reality,  and  bewilder  us  among  vain  conjectures.  Useful,  it  is 
true,  they  are  to  man  as  points  of  exact  and  permanent  reference ;  but  he 
must  have  studied  astronomy  to  little  purpose,  who  can  suppose  man  to  bo 
the  only  object  of  his  Greator*s  care,  or  who  does  not  see  in  the  vast  and 
wonderful  apparatus  around  us  provision  for  other  races  of  animated 
beings.  The  planets,  as  we  have  seen,  derive  their  light  from  the  sun ; 
bat  that  cannot  be  the  case  with  the  stars.  These  doubtless,  then,  are 
themflelves  suns,  and  may,  perhaps,  each  in  its  sphere,  be  the  presiding 
aentre  round  which  other  planets,  or  bodies  of  which  wex»n  form  no  con- 
ception from  any  analogy  offered  by  our  own  system,  may  be  circulating. 
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HVnalogies,  however,  more  iban  cotijectural,  arc  not  wanling  to 

f  orrvs pood c nee  between  tbc  (l^aaiujcal  luns  which  prevail  in  ths 

13  of  the  stars  odiI  those  which  govern  the  tuotiouE  of  our  OWD 

leroviT  wo  con  trace  the  law  of  periodicity  —  the  rcgulnr  r&- 

he  sime  phajDomcnii  in  the  Eame  timcB  —  wo  urc  slronglj 

pith  the  idea  of  rotatory  or  orbitual  motion.      Among  tbc  etnra 

Bwliicb,  though  no  wuy  distinguishable  from  others  bj  any  oppOf 

je  of  place,  nor  by  any  difference  of  appeaninco  in  telescopes, 

regular  periodical  increase  and  diuiiuuliun  of 

two  cases  a  complete  extinction  and  r«v)Ta1. 

tailed  periodical  stiirs.     The  longest  known  and  one  of  the  most 

1  star  Omiiriin,  in  the  conaUillutioa  Cetua  (somciiiiies 

\  Ceti),  which  was  first  noticed  as  variable  by  Fabricius  in  1596. 

|about  twelve  times  in  eleven  years,  or  more  csactly  in  s  period 

tins  at  its  greatest  brightness  about  a  fortnight,  being 

s  equal  to  a  largo  star  of  the  second  magnitude; 

g  about  three  months,  till  it  iiecomes  completely  iurisibU 

'C,  in  which  state  it  remains  about  five  months :  and  con- 

g  during  the  remainder  of  its  period.     Such  is  the  general 

r  return  t 
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tiinlj  appean  Btimi^y  to  suggest  tbc  revolution  round  it  of  some  opaque 
bodji  wbichy  when  interposed  between  us  and  Algol,  cuts  off  a  large  por- 
tkm  of  ita  light;  and  this  is  aocordingly  tho  view  taken  of  the  matter  by 
Goodlride,  to  whom  we  owe  the  discovery  of  this  remarkable  fact/  in  the 
year  1782 ;  moe  which  time  the  same  phsenomena  have  continued  to  be 
ohaarredy  bat  with  this  remarkable  additional  point  of  interest,  viz.  that 
tho  iBore  recent  ohaorvationsi  as  compared  with  the  earlier  ones,  indieatc 
a  ^minntion  in  the  periodic  time.  The  latest  observations  of  Argelander, 
Heis^  and  Schmidt^  even  go  to  prove  that  this  diminution  is  not  uniforml}* 
pngreasive,  but  is  actually  proceeding  with  accelerated  rapidity,  which 
however  will  probably  not  continue,  but,  like  other  cyclical  combinations 
in  aatruuomyi  will  by  degrees  relax,  and  then  be  changed  into  an  increase^ 
aeeording  to  lawa  of  periodicity  which,  as  well  as  their  causes,  remain  to 
he  diMovered.  The  first  minimum  of  this  star  in  the  year  1844  occurred 
on  Jan.  8|  at  4^  M*  Greenwich  mean  time.' 

(822.)  The  star  i  in  the  constellation  Gepheus  is  also  subject  to  peri- 
odieal  variational  which,  fVom  the  epoch  of  its  first  observation  by  Good- 
rioke  in  1784  'to  the  present  time,  have  been  continued  with  perfect  regur 
larity.  Its  period  from  minimum  to  minimum  is  5'  S^  47"  39**5,  the 
int  or  epoehal  minimum  for  1849  falling  on  Jan.  2,  3»  18-  37"  M.  T.  at 
Oieenwioh.  The  extent  of  its  variation  is  from  the  fifth  to  between  the 
durd  and  fourth  magnitudes.  Its  increase  is  more  rapid  than  its  dim  inn- 
tion,  the  interval  between  the  minimum  and  maximum  of  its  light  being 
only  1'  14\  while  that  from  the  maximum  to  the  minimum  is  3'  19^. 

(828.)  The  periodical  star  /3  Lyras,  discovered  by  Goodricke  also  in 
1784,  haa  a  period  which  has  been  usually  stated  at  from  6'  9''  to  6'  11^, 
and  there  is  no  doubt  that  in  about  this  interval  of  time  its  light  under- 
goea  a  remarkable  diminution  and  recovery.  The  more  accurate  obserta- 
tiona  of  M.  Ai^lander  however  have  led  him  to  conclude'  the  true  period 
to  be  12'  21^  53">  10",  and  that  in  this  period  a  double  maximum  and 
nunxmnm  takes  place,  the  two  maxima  being  nearly  equal  and  both  about 

'  The  MUM  ditoovery  appears  to  have  been  made  nearly  about  the  same  time  by 
Palitsch,  a  farmer  of  Prolitz,  near  DreKien,*-a  peasant  by  atation,  an  astronomer  by 
naiore,— ^ho,  from  his  familiar  acquaintance  with  the  aspect  of  the  heavens,  had  been 
led  10  notice  among  ao  many  thousand  stars  this  one  as  distinguished  from  the  rest  by  its 
varialioii,  and  had  ascertained  its  period.  The  same  Palitzch  was  also  the  first  to  re- 
dieeover  the  predieted  comet  of  Halley  in  1759,  which  he  saw  nearly  a  month  before 
■ny  ofihe  astronomers,  who,  armed  with  their  telesoopes,  were  anxiously  watching 
iie  relnrn.    These  anecdotea  carry  us  back  to  the  era  of  the  Chaldean  ahepherds. 

•  Abu  Nach.  No.  472. 

*  AetroB.  Naehr.  No.  S64.    See  also  the  valuable  papers  by  this  excellent  astron* 
ia  A.  N.  Noo.  417,  455,  &c. 
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Bgnitude,  but  the  minium  consiJernbly  unequal,  viz.  4-3  and 
addition  to  this  curioas  gubdu-ision  of  tliB  whole  interval  of 
0  two  eemi-pcrioda,  wo  ore  presented  in  the  case  of  this  ebn 
ler  instance  of  slow  alteration  of  period,  which  haa  all  the  ap. 
f  being  itself  periodical.     From  the  epoch  of  its  discoveiy  id 
e  jear  1340  the  period  was  continually  lengthening,  bat  more 
ilowly,  till  at  the  last-mentioned  epoch  it  ceased  to  increase,  and 
>een  slowly  on  the  decrease.      Aa  an  epoch  for  the  least  or  ab- 
imum  of  this  star,  M.  Argelandc-r's  calculations  enable  ua  to 
6  January  3*  0"  9-  53"  G.  M.  T. 

Another  periodical  star  whose  changes  have  been  carefally  ob- 
AquiltD  or  Aatinoi,  first  pointed  out  by  Pigott  in  1784  (a  year 
jch  diacoveries)  as  belonging  to  that  class.     Its  period  is  ~*  4> 

It  oceupies  fifty-aeren  hours  in  its  increase  from  5ra  to  4-3m, 
jura  in  its  decrease. 

rbese  are  all  the  variable  stars  which  have  been  observed  with 
ire  and  for  a  sufficient  length  of  time  to  enable  ua  to  apeak 
ion  aa  to  their  periods,  epochs,  and  phases  of  brightness.     I'.iit 
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Star. 


wCjgiA 

•Vliilnis  R.  A.  (1940)  = 

11*8-;  N.  P.  D.  82«8' 

•OoroB*  Bor.  (B.  A.  C.  5236).... 

7  Arietii  (B.  A.  C.  581.) 

f  Argil* 

«  OrioDis t 

«UrMB  Miijoru 

fUruB  Midoris 

fiVrtrn  Miooris 

«  Cu»iopeiie 

•  Ilydne 

•  R.  A.  (1847)  =  22^  68»  57-9  N. 
P.  D.  -80O  17'  30" 

•  R.  A.  (1848)  =  7*  33-  55-2  N. 
P.  D.  -  68«  11' 58" 

•  R.  A.  (1848)  -  7*  40-  10-3  N. 
P.  D.  -  650  53'  29" , 

Xear  •  R.  A.  22^  21»  0-4  (1848.) 
N.  P.  D.  100»  42'  40" 

•  R.  A.  (1848)  14^  44"  39>(1  N.  P. 
D.  101*>  45' 25" , 

iVnm  M^jorU 


Period. 


d.    d«e. 
Many  ycara 

145  days 

10^  months 

5  years? 

Irrei^lar 

Ditto 

Some  years 

Ditto 

2  or  3  years? 

225  days  ? 

29  or  30  days? 

Unknown 

Ditto 

Ditto 

Ditto 

Ditto 
Many  years 


Change  of  Mag. 


troni 
4-5 

6-7 

6 

ft 


0 
2 


2 
2-3 

8? 

9 

9 

7-8 

8 
2? 


to 
5*6 

0 

0 

8 

4 

1-2 

2 

2 

2-3 

2-3 

3 

0 

0 

0 


9-10 
2-3 


DiiicoTered  by 


Her8cheljr.,1842? 

Harding.  IRU. 
Pijfott,  1795.  •  ; 

Pioxzi,  1798. 
Barcbell,  1827. 
IlorsclicI,  jr.,  1836. 
Ditto,  1846. 
Ditto,  1846.  I 

Strove,  13:i8. 
llerscbel,  jr.,  1838. 
Ditto,  1837. 

Hind,  1848. 

Ditto,  1848. 

Ditto,  1848. 

Riimker. 

Sohumachcr. 
Matter  of  general 
remark. 


N.B.  In  tha  above  liat  the  letters  B.  A.  C.  indicate  the  catalogue  of  the  British  Asso- 
caxioD,  B.  the  catalogue  of  Bode.  Numbers  before  the  name  of  the  constellation  (as 
34  Cygiri)  denote  Flamsteed'e  stars.  Since  this  table  was  drawn  up*  four  additional 
mn,  ▼ariabla  from  tha  8th  or  9ih  magnitude  to  0,  have  been  communicated  to  us  by 
Mr.  Hind,  whow  places  are  aa  follows:  (1.)  R.  A.  1»  38-  24-;  N.  P.  D.  Sl^'  9'  39"; 
(2.)  4*  5a*  43".  82®  6' 36"  (1846);  (3.)  8M3-8.,  86°  11'  (1800);  (4.)  22^  12- 9",  SS** 
39*  S4"  (1800.)  Mr.  Hind  remarks  that  about  several  variable  stars  some  degree  of 
hazineaa  it  perceptible  at  their  minimum.  Have  they  clouds  revolving  round  them  as 
planetaryorcometary  attendants?  He  also  draws  attention  to  the  fact  that  the  red 
eoloiir  predominates  among  variable  stars  generally.  The  double  star,  No.  2718  of 
Stmve'a  Catalogue,  A.  A.  ZO**  34-,  P.  D.  77°  54',  is  stated  by  the  author  to  be  variable. 
Captain  Smyth  (Celestial  Cycle,  i.  274)  mentions  also  3  Leonis  and  18  Leonis  as 
▼oriable,  th«  former  from  6-  toO,  P=78  days,  the  latter  from  S"  to  10-,  P  =  311'*  23S 
but  without  citing  any  authority.  Piazzi  sets  down  96  and  97  Virginis  and  38  Herculis 
aa  Tariable  stars.  [The  blood-red  star.  A^  51-  dO^",  102°  2'  4"  (1850),  discovered  by 
Mr.  Hind,  ia  stated  by  Schmidt  (Ast.  Nachr.  760)  to  have  been  seen  by  him  6-  in  Jan. 
1850,  and  to  have  totally  disappeared  in  Dec.  1850  and  Jan.  1851.] 

(826.)  Irregularities  similar  to  those  which  have  been  noticed  in  the 
eHO  of  o  Ceti,  in  respect  of  the  maxima  and  minima  of  brightness  attained 
in  BQOoessive  periods,  have  been  also  observed  in  several  others  of  the  stars 
in  the  foregoing  list,  x  Cjgni,  for  example,  is  stated  by  Cassini  to  have 
been  scarcely  visible  throughout  the  years  1600,  1700,  1701,  at  those 
times  when  it  was  expected  to  be  most  conspicuous.  No.  50  Souti  is 
sometimes  visible  to  the  naked  eye  at  its  minimum,  and  sometimes  not  so, 
and  its  mozimam  is  also  very  irregular.     Pigott's  variable  star  in  Corona 
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■  M.  Argelander  to  var;  for  the  most  part  ao  little  that  the 
1  can  hardly  dwade  on  ila  maxima  and  minima,  while  jet  after 
"  whole  yeora  of  these  slight  fluctuations,  thej  suddenly  become 
it  the  star  completely  vanislios.     The  variations  of  a  Ononis, 
!  most  striking  and  unequivocal  ia  tho  years   1836 — 1840, 

years  since  elapsed  became  much  lesa  conspicuous.     They 
Jan,  18-19)  to  have  recommenced. 

rheae  irregularities  prepare  ua  for  other  phronomena  of  stellar 
rhich  have  hitherto  been  reduced  to  no  law  of  periodicity,  and 
oted  upon,  in  relation  to  our  ignorance  and  inexperience,  as 
casual ;  or,  if  periodic,  of  periods  too  long  to  have  occarred 
once  within  the  limits  of  recorded  observation.     The  pbronCK 
llude  to  arc  those  of  Ti-mptyrari/  Start,  which  have  appeared, 

Co  time,  in  different  parts  of  the  heavens,  blazing  forth  with 
ry  lustre ;  and  after  remaining  awhile  apparently  immoveable, 
way,  and  left  no  trace.     Such  is  the  star  which,  suddenly  op- 
30  time  about  the  year  Vlf>  B.C.,  and  which  was  visible  in  the 
t  said  to  hare  attracted  the  attention  of  Hippnrchus,  and  led 
IV  up  a  catalogue  of  stars,  tiie  earliest  on  record.     Such,  too. 
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Ar  beeoming  completely  iDvisible,  ro-appcared,  and,  after  undergoing 
em  or  two  ringular  fluetimtiong  of  light,  during  two  years,  at  last  died 
•Mj  eBtirely,  tnd  has  not  since  been  seen. 

(829.)  On  the  night  of  the  28th  of  April,  1848,  Mr.  Hind  observed  a 
il*of  the  fifUi  magnitude  or  5*4  (very  conspicuous  to  the  naked  eye)  in 
a  jut  of  the  eonsteUation  Ophiuchus  (R.A.  16''  51"  l'-5.  N.P.D.  102<' 
89^  14*^1  where,  from  perfect  familiarity  with  that  region,  he  was  certain 
flit  vp  to  the  fifth  rf  that  month  no  star  so  bright  as  9*10  m.  previously 
Neither  has  any  record  been  discovered  of  a  star  being  there 
it  any  previous  time.  From  the  time  of  its  discovery  it  con- 
to  diminiah,  without  any  alteration  of  place,  and  before  the 
adfiBce  of  the  season  rendered  further  observation  impracticable,  was 
Merly  eztinot  Its  colour  was  ruddy,  and  was  thought  by  many 
to  undergo  remarkable  changes,  an  effect  probably  of  its  low 


(880.)  The  alteradons  of  brightness  in  the  southern  star  i;  Arg{is,  which 
k?e  been  recofded,  are  very  singular  and  surprising.  In  the  time  of  Halley 
(1877)  it  ■i^>eered  as  a  star  of  the  fourth  magnitude.  Lacaille,  in  1751, 
ehsarfed  it  of  tiie  second.  In  the  interval  from  1811tol815,it  was  again 
cf  tlie  feorth;  and  again  from  1822  to  1826  of  the  second.  On  the  1st 
cf  Febnuaji  1827,  it  was  noticed  by  Mr.  Bureheli  to  have  increased  to 
the  first  magnitude,  and  to  equal  a  Crucis.  Thence  again  it  receded  to 
the  seoond;  end  so  continued  until  the  end  of  1837.  All  at  once  in  the 
beginning  oM838  it  suddenly  increased  in  lustre  so  as  to  surpass  all  the 
stus  of  the  first  magnitude  except  Sirius,  Canopus,  and  a  Centauri,  which 
last  star  it  nearly  equalled.  Thence  it  again  diminished,  but  this  time 
not  below  the  first  magnitude  until  April,  1843,  when  it  had  again 
inereased  so  as  to  surpass  Canopus,  and  nearly  equal  Sirius  in  splendour. 
"A  strange  field  of  speculation,''  it  has  been  remarked,  '<is  opened  by 
this  phsonomenon.  The  temporary  stars  heretofore  recorded  have  all 
heeome  totally  extinct.  Variable  stars,  so  far  as  they  have*  been  carefully 
attended  to,  have  exhibited  periodical  alternations,  in  some  degree  at 
leest  regular,  of  splendour  and  comparative  obscurity.  But  here  we  have 
n  iter  fitfully  variable  to  an  astonishing  extent,  and  whose  fluctuations  are 
spread  over  centuries,  apparently  in  no  settled  period,  and  with  no  regu- 
larity of  progression.  What  origin  can  we  ascribe  to  these  sudden  flashes 
and  relapses?  What  conclusions  are  we  to  draw  as  to  the  comfort  or 
habitability  of  a  system  depending  for  its  supply  of  light  and  heat  on  so 
nncertun  a  source  V  Speculations  of  this  kind  can  hardly  be  termed 
vwonaiji  when  we  consider  that,  from  what  has  before  been  said,  we  are 
ipelled  to  admit  a  community  of  nature  between  the  fixed  stars  and  our 
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iJ  when  we  reflect  that  geology  tesiiflea  to  tbe  fact  of  estcB- 
baviog  taken  place  at  epocbs  of  the  most  remote  antiquity  in 
and  letnptrature  of  our  globe;  changes  difficult  to  recondla 
eration  of  secondary  causBG,  such  as  a  different  ilistribulioQ  of 
1,  but  which  would  find  nn  "easy  and  naturul  explanation  iii'« 
n  of  the  supply  of  light  and  heat  nfforded  primarily  by  the  flun     1 

he  Chinese  annala  of  Ma-touan-lin,'  in  which  ElaiiJ  officially 

"strange  stars,"  among  whitb,  though  the  greater  part  us 
inets,  some  may  be  rccogniwd  as  belonging  in  all  probability 

of  T>-mporarff  Slai-g  as  above  characteriwrd.  Sueh  la  that 
corded  to  have  appeared  in  A.  D.  173,  between  a  and  S  Cm- 

loura,"  and  remained  visible  from  December  in  that  year  till 
nest.     And  another  which  these  annals  assign  to  A.  D.  1011, 
would  Bcem  to  be  identical  with  a  star  elsewhere  referred  to 
"  which  was  of  extraordinary  briilianey,  and  remained  visible 
jcro  part  of  the  heavens  during  three  months,'"  a  situatioQ 
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eipedallj  vojagera  at  aea,  proyided  with  only  good  eyes,  or  moderate  in- 
ifeniiiientai  might  employ  their  time  to  esccllent  advantage.  It  holds  out 
a  ware  promiae  of  rich  discovery,  and  is  one  in  which  astronomers  in 
wtiHinhH  ofaaenratories  are  almost  of  necessity  precluded  from  taking  a 
pvfty  by  the  nature  of  the  observations  required.  Catalogues  of  the  com- 
pnaliTe  brightness  of  the  stars  in  each  constellation  have  been  constructed 
bj  Sir  Wm.  Herschely  with  the  express  object  of  facilitating  these  re- 
aaanhea,  and  tiie  reader  will  find  them,  and  a  full  account  of  his  method 
of  oompariaoni  in  the  Phil.  Trans.  1796,  and  subsequent  years,  -k^ 

(888.)  We  come  now  to  a  class  of  phenomena  of  quite  a  different 
Aameter,  and  which  give  ns  a  real  and  positive  insight  into  the  nature 
of  at  leaat  aome  among  the  stars,  and  enable  us  unhesitatingly  to  declare 
dmn  aabject  to  the  same  dynamical  laws,  and  obedient  to  the  same  power 
of  gravitation  which  governs  our  own  system.  Many  of  the  stars,  when 
ennuned  with  telescopes,  are  found  to  be  double,  t.  e.  to  consist  of  two 
(m  iome  oaaea  three  or  more)  individuals  placed  near  together.  This  might 
be  attribated  to  accidental  proximity,  did  it  occur  only  in  a  few  instances ; 
but  the  frequency  of  this  companionship,  the  extreme  closeness,  and,  in 
many  oaaefl,  the  near  equality  of  the  stars  so  conjoined,  would  alone  lead 
to  a  atrong  anspicion  of  a  more  near  and  intimate  relation  than  mere 
CMoal  joxtapoeition.  The  bright  star,  Castor,  for  example,  when  much 
Btgnifiedi  is  found  to  consist  of  two  stars  of  nearly  the  third  magnitude^ 
wiAin  6^  of  each  other.  Stars  of  this  magnitude,  however,  are  not  so 
common  in  the  heavens  as  to  render  it  otherwise  than  excessively  impip- 
biUe  that,  if  scattered  at  random,  they  would  fall  so  near.  But  this  im- 
piobability  becomes  immensely  increased  by  a  consideration  of  the  fact,  that 
this  it  only  one  out  of  a  great  many  similar  instances.  Mitchell,  in  1767, 
ippljing  the  rules  for  the  calculation  of  probabilities  to  the  case  of  tho 
■X  brightest  stars  in  the  group  called  the  Pleiades,  found  the  odds  to  be 
600000  to  1  against  their  proximity  being  tho  mere  result  of  a  random 
aeattering  of  1500  stars  (which  he  supposed  to  be  the  total  number  of 
atara  of  that  magnitude  in  the  celestial  sphere*)  over  the  heavens. 
Speculating  further  on  this,  as  an  indication  of  physical  connexion  rather 
than  fortuitous  assemblage,  he  was  led  to  surmise  the  possibility,  (since 
converted  into  a  certainty,  but  at  that  time,  antecedent  to  any  observation) 
of  the  existence  of  compound  stars  revolving  about  one  another,  or  rather 
about  their  common  centre  of  gravity.  M.  Struve,  pursuing  the  same 
train  of  thought  as  applied  specially  to  the  cases  of  double  and  triple 

*  Tfaie  nomber  is  conaiderably  too  small,  and  in  consequence,  Mitchell's  odds  in 
Uui  esse  materiilly  overrated.    But  enough  will  remain,  if  this  be  rectified,  fully  to 
OQt  his  ugiuiiaDt.    PhiJ.  Trans,  vol.  57. 
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ns  of  sta^^  nnd  gToundiag  lija  compulations  on  a  more  perftct 
n  of  tb<-  stars  vUiUc  dova  to  (he  7th  magaiUide,  ia  the  pail 
-tos  vUible  at  Dorpat,  oalcuUtcs  that  the  odiJs  are  0570  to  1 
■  two  stata,  from  the  Ist  to  the  Tth  magaititde,  ioclusive,  ool 
e  possible  number  of  binary  conibinatioDB  then  Tiaible,  fullmg, 
uAj  Bcatteredj  wilbin  4"  of  each  other.     Now,  the 'number 
s  of  such  binary  combinationB  octuully  obscryed  at  (he  data 
Icuktion  was  already  91,  and  many  more  bttre   since   beea 
the   list     Again,  he    calculutes  that   the  odds   against  any 
fortuitously  scattered,  falling  within  32"  of  a  third,  so  as  To 
1  triple  star,  is  not  less  than  173524  to  1.     Now,  four  sw^ 
ns  occur  in  tlio  heavens ;  via.  S  Orionia,  o  Ononis,  1 1  Monoee- 
Cancri.    The  conelusion  of  a  phyeical  oonneijon  of  some  kind 
therefore  unavoidable. 

'resumptive  evidence  of  anolher  kind  is  furnished  by  the  fol- 
sideration.  Both  a  Centauri  and  61  Cjgni  are  "  Double  Slars." 
st  of  two  individuals,  nearly  equal,  and  separated  from  each 
a  interval  of  about  a  fjuart*r  of  a  minute.     Ia  the  case  of  61 
ftnTS  exceeding  Ibe  Tth  inagnititde,  there  is  already  a  prim& 
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vUeh  die  JBstenoe  between  the  eomponent  individuals  docs  not  exceed  a 
H^  seeond.  They  are  divided  into  classes  by  M.  Struve  (the  first  living 
Hthoritj  in  this  department  of  Astronomy)  according  to  the  proximity 
rf  their  eomponent  individnala.  The  first  class  comprises  those  only  in 
vUeh  tfw  distance  does  not  exceed  1";  the  second  those  in  which  it  ex- 
1*?,  bat  fidls  short  of  2";  the  8d  class  extends  from  2"  to  V  dis- 
;  the  4th  tnm  i"  to  8";  the  5th  from  8"  to  12'';  the  Gtli  from  12" 
to  Ur ;  the  Tth  ftom  16"  to  24" ;  the  8th  from  24"  to  32".  Each  class 
he  agun  subdivides  into  two  sub-classes  of  which  the  one  under  the  ap- 
pdktion  of  eaiupicucnu  double  stars  (duplices  lucidsc)  comprehends  those 
in  which  both  individuals  exceed  the  Si  magnitude,  that  is  to  say,  are 
a^porale^  bright  enough  to  be  easily  seen  in  any  moderately  good  tele- 
Boope.  All  others,  in  which  one  or  both  the  constituents  are  below  this 
£aiit  of  easy  visibility,  are  collected  into  another  sub-class,  wliich  he 
renduary  (JDwfUUxB  reliqwB).  This  arrangement  is  so  far  conve- 
\tf  that  after  a  little  practice  in  the  use  of  telescopes  as  applied  to 
sndi  objects,  it  is  easy  to  judge  what  optical  power  will  probably  suffice 
to  noolTe  a  i|tar  of  any  proposed  class  and  either  sub-class,  o;*  would  at 
Inst  be  so  if  the  second  or  residuary  sub-class  were  further  sub-divided 
If  phrinj  in  a  third  sab-class  ^  delicate"  double  stars,  or  those  in  which 
tte  eompanioD  star  is  so  very  minute  as  to  require  a  high  degree  of  optical 
to  perodve  it,  of  which  instances  will  presently  be  given. 
(886.)  The  following  may  be  taken  as  specimens  of  each  class.  They 
all  taken  from  among  the  lucid,  or  conspicuous  stars,  and  to  such  of 
icaden  as  may  be  in  possession  of  telescopes,  and  may  be  disposed  to 
tn  them  (m  such  objects,  will  afford  him  a  ready  test  of  their  degree  of 
sSeieney. 


Class  I.,  0"  to  1". 


yCanamBogm 
jrCentanri. 

<  Anetw. 
{HerenliSi 


y  Cirdm. 


9  Corone. 
9  Herculis. 
X  Cansiopeiae. 
X  OaUada. 


7  Ophiuchi. 
^  Draconis. 
^  Uree  MajoriB. 

M  LeoBis. 


OfaiM  II.,  r  to  2''. 


(SCancR. 


f  UrH»  Miijorii. 
«  AquiUB. 
9  Corona  Bor. 


^Hrdm. 
jrCtiL 
y  Leodi. 


Glass  iiL,  r  to  a'. 

y  Virsinu. 

0  Serpeiitis. 
c  Bootifl. 
€  Draconif. 
•  Hydra. 


<  Aqoarii. 
I  Ononis, 
i  Leonis. 
I  Tri«n[B;tiU. 
cLepoiis. 


Atlas  Pleiadum. 
4  Aquarii. 
42  Comaa. 
52  Arietis. 
66  Piscium. 


2  CamelopardL 
32  Ononis. 
52  Orionia. 


H  Draconis. 
^  Canis. 
p  Hcrculis.' 
0  Cassiopeia. 
44  Boota. 


1 
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Class  IV.,  4"  to  8".                                        ^M 

<  Ceuhei.                      I  Buoiin.                       70  nphiaetu.              ■ 
Lim.            *  ()n.j™^.                  ,.  CBpricorni.              13  Eridnni.               1 
iim.             (i  Cvgr,,.                       u  Argua.                       33  EriJanL                   1 
Uor.             (  Bool  is.                       wAungffi.                     95  Herculis.                  1 

Class  v.,  8"  to  12". 

{Anlli«.                                lOrioni*.                              ' 

fl  Eridnni                              BCanumVcn. 
Class  VI.,  12"  to  16". 

V  VdIbMis.                              .  Booiii. 

i  Vivn  Mijor.                      61  Crgni 
Class  VII,  16"  to 24". 

I'en.                         B  Serpeniis.                              21  ComEC. 

<  Cnrone  Aus.                        4]  DrBconis, 
X  Taun.                                    61  Ophiuchi. 

Ck-«  VIII.,  24"  to  32". 

<  Herculn.                            x  Cygni. 

I  Cephei.                                 S3  Ononis. 
-I  Dmconii. 

imon^h^nosUemarkabl^riplo^mad^ 

t 
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to  be  betaiifblly  and  closely  doable,  the  one  pair  being  about  2i",  the 
other  about  3^  asunder.  Each  of  the  stars  C  Cancri,  |  Scorpii,  11  M6no- 
eerotifl,  and  12  Ljncis  consists  of  a  principal  star,  closely  double,  aud  a 
■nailer  and  more  distant  attendant,  ivhile  e  Ononis  presents  the  plia)- 
nomenon  of  four  brilliant  principal  stars,  of  the  respective  4th,  6th,  7th, 
nd  8th  magnitudes,  forming  a  trapezium,  the  longest  diagonal  of  which 

is  2VAj  and  accompanied  bj  two  excessively  minute  and  very  close  com- 

pamona  (as  in  the  annexed  figure),  to  perceive  both  which  is  one  of  the 

KTerest  tests  which  can  be  applied  to  a  telescope. 
(838.)  Of  the  '^ delicate"  subclass  of  double  stars,  or  those  consisting 

of  Tery  laige  and  conspicuous  principal  stars,  accompanied  by  very  minute 

eompanions,  the  following  specimens  may  suffice : 


•  8  Cancri. 

m  Polaria. 

K  CircinL 

^  Virsinis. 
X  Bridani. 

•  S  CaprioMmi. 

0  Aqaarii. 

K  Geminoruin. 

m  IndL 

y  Hydne. 

ft  Pereei. 

16  Auriga*. 

mhjtm. 

<  UrsB  Majoris. 

7  Bootis. 

94  Ceii. 

(839.)  To  the  amateur  of  Astronomy  the  double  stars  offer  a  subject 
of  Tery  pleasing  interest,  as  tests  of  the  performance  of  his  telescopes, 
ind  by  reason  of  the  finely  contrasted  colours  which  many  of  them  ex- 
IMif  of  which  more  hereafter.  But  it  is  the  high  degree  of  physical 
interest  which  attaches  to  them,  which  assigns  them  a  conspicuous  place 
in  modem  Astronomy,  and  justifies  the  minute  attention  and  unwearied 
diligence  bestowed  on  the  measurement  of  their  angles  of  position  and 
distenoesy  and  the  continual  enlargement  of  our  catalogues  of  them  by 
die  discovery  of  new  ones.  It  was,  as  we  have  seen,  under  an  impression 
dial  such  combinations,  if  diligently  observed,  ftiight  afibrd  a  measure 
of  parallax  through  the  periodical  variations  it  might  be  expected  to  pro- 
dooe  in  the  relative  situation  of  the  small  attendant  star,  that  Sir  W. 
Henehel  was  induced  (between  the  years  1779  and  1784)  to  form  the 
first  extensive  catalogues  of  them,  under  the  scrutiny  of  higher  magni- 
fyii^  powers  than  had  ever  previously  been  applied  to  such  purposes.  In 
the  pursuit  of  this  object,  the  end  to  which  it  was  instituted  as  a  means 
was  necessarily  laid  aside  for  a  time,  until  the  accumulation  of  more 
abundant  materials  should  have  afforded  a  choice  of  stars  favourably  cir- 
enmstanced  for  systematic  observation.  Epochal  measures  however,  of 
each  star,  were  secured,  and,  on  resuming  the  subject,  his  attention  was 
altogether  diverted  from  the  original  object  of  the  inquiry  by  phsenomcna, 
of  a  very  unexpected  character,  which  at  once  engrossed  his  whole  atten- 
tion. Instead  of  finding,  as  he  expected,  that  annual  fluctuation  to  and 
fro  of  one  star  of  a  double  star  with  respect  to  the  other, — tiiat  alternate 
annual  increase  and  decrease  of  their  distance  and  angle  of  position,  which 
the  parall!^^  of  the  earth's  annual  motion  would  produce, — he  observed. 
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istanccs,  a  regular  progressive  change;  in  Bome  cases  bearing 
tlieir  distance,  —  ia  others  on  their  positiou,  and  advanciDg    ' 
one  directioQ,  so  fla  clearly  to  indicute  either  a.  real  motion  of 
leiiiselves,  or  a  general  rectilinear  motion  of  the  Eun  and  whole 
u,  producing  Q  parallax  of  a  higher  order  tiiao  would  arise  frum 
3   orhitual  motion,   and   which   might  he  callud    systematic 

ich  other,  it  ia  clear  that  for  the  interval  of  several  years,  these 
lUPt  be  regarded  as  rectilinear  aud  uniform.     IleDcc,  a  very 
inintauce  wilb  geometry  will  suffice  to  show  that  the  a/jpamtt 
one  stiir  of  a  double  star,  referred  to  the  other  as  a  centre,  and 
)wn,  aa  it  were,  on  a  plane  in  which  that  other  shall  be  taken 
1  or  zero  point,  can  be  no  other  than  a  right  line.     This,  at 
.  he  the  esse  if  the  stars  be  iodcpendent  of  each  other ;  hot  it 
erwise  if  they  have  a  physical  connexion,  such  aa,  for  instaoce," 
lity  and  mutual  gravitation  would  establish.     In  that  ease,  they 
rihc  orhiu  round  each  other,  and  round  their  common  centra 
and  therefore  the  apparent  path  of  either,  referred  l«  the  otiiH 
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pdntion  of  doable  atan,  are  addaoed  in  the  momoirs  above  mentioned ; 
■my  of  wbkh  are  too  decided,  and  too  regularly  progressive,  to  allow  of 
Aeir  aatare  bemg  miaoonoeived.  In  particular,  among  the  more  con- 
i|iBMns  atan, — Oaator,  y  Yiiginis,  t  UrMS,  70  Ophiuchi,  a  and  17  Coronse, 
t  Boolii^  9  Canepeiaa,  y  Leonia,  f  Herculis,  6  Cjgai,  ^  Bootis,  f  4  and  t 
6  Ljna^  %  Opbinohii  ^  Draconia,  and  (  Aquarii,  are  enumerated  as  among 
te  moik  remarkable^  instances  of  the  observed  motion ;  and  to  some  of 
Aam  eren  periodic  times  of  revolution  are  assigned;  approximative  only, 
of  eoane^  and  rather  to  be  regarded  as  rough  guesses  than  as  results  of 
aaj  ezaefc  oalonlationy  for  which  the  data  were  at  the  time  quite  inadc- 
qvale.  For  instance,  the  revolution  of  Castor  is  set  down  at  334  years, 
thai  of  y  Virginia  at  708,  and  that  of  y  Leonis  at  1200  years. 

(842.)  Sabaeqnent  observation  has  fully  confirmed  these  results.  Of 
an  the  t^buM  above  named,  there  is  not  one  which  is  not  found  to  be  fully 
oifitled  to  be  regarded  as  binary ;  and,  in  fact,  this  list  comprises  nearly 
aD  ibe  most  conaidtrable  objects  of  that  description  which  have  yet  been 
diteetod,  though  (as  attention  has  been  closely  drawn  to  the  subject,  and 
ataaiistions  have  multiplied)  it  has,  of  late,  received  large  accessions. 
I^ifwaids  of  a  hundred  double  stars,  certainly  known  to  possess  this  cha- 
moter,  were  enumerated  by  M.  Madler  in  1841,*  and  more  are  emerging 
iile  Doliee  with  every  freah  mass  of  observations  which  come  before  the 
pablie.  They  require  excellent  telescopes  for  their  effective  observation, 
Ung  for  the  most  part  ao  close  as  to  necessitate  the  use  of  very  high 
■agnifiers  (such  as  would  be  considered  extremely  powerful  microscopes 
if  employed  to  examine  objects  within  our  reach),  to  perceive  an  interval 
between  the  individuals  which  compose  them. 

(848.)  It  may  easily  be  supposed,  that  phssnomena  of  this  kind  would 
not  pass  without  attempts  to  connect  them  with  dynamical  theories.  From 
their  first  discovery,  they  were  naturally  referred  to  the  agency  of  some 
power,  like  that  of  gravitation,  connecting  the  stars  thus  demonstrated  to 
be  in  a  state  of  eireulation  about  each  other;  and  the  extension  of  the 
Newtonian  law  of  gravitation  to  these  remote  systems  was  a  step  so  ob- 
TiooSy  and  so  well  warranted  by  our  experience  of  its  all-sufficient  agency 
in  our  own,  as  to  have  been  expressly  or  tacitly  made  by  every  one  who 
has  given  the  subject  any  share  of  bis  attention.  We  owe,  however,  the 
fiitt  distinct  system  of  calculation,  by  which  the  elliptic  elements  of  the 
oibit  of  a  binary  star  could  be  deduced  from  observations  of  its  angle  of 
position  and  distance  at  different  epochs,  to  M.  Savary,  who  showed'  that 
the  motions  of  one  of  the  most  remarkable  among  them  (|  Ursse)  were 

■  Dorpat  Obtenrsiiont,  vol.  ix.  1840  and  1841.  ■  CoimoiM.  des  Temps,  1830. 
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JOf  the  stars  in  the  above  list,  thnt  ntich  hna  been  most  ns^dn- 

[bed,  and  has  offered  phajuomenen  of  the  greatest  interest, » 

It  is  a  star  of  the  vulgar  3rd  magnitude  (^3.08  =  Photom. 

its  compoiieot  individuals  arc  very  nearly  equal,  and  as  it 

in  some  slight  degree  variable,  since,  aecording  to  the  ob»er- 

[.  Struve,  the  one  is  altcrnatelj  a  little  greater  and  a  little 

e  other,  aod  occasiooally  ciaetly  equal  to  it.     It  baa  been 

lionsist  of  two  stars  since  the  btgiuning  of  the  etgliteeoth  cea- 

liatance  being  thm  between  six  and  seven  eccoads,  eo  that  anj 

Bood  teloseope  would  resolve  it.     AVIien  obsen-ed  by  Ilerschel 

^as  5"-66j  and  continued  to  decreaae  gradually  and  regularly 

,  in  I8S6,  the  two  stare  had  approaehcd  ao  cloHcly  as  to  appear 

lod  and  single  under  the  highest  magnifying  power  which 

fcplied  to  most  excellent  iostruments  —  the  great  refractor  at 

vith  a.  magoifyiag  power  of  1000,  continuing  to  indicate, 

Hge-sbaped  form  of  the  disc  of  the  star  its  composite  nature. 

;  the  ratio  of  its  length  to  its  breadth  and  measuring  the 

Iruve  eoDcludcs  that,  at  this  epoch  (1S3(J'41),  tlic  distance 

|stars,  eeotro  from  centre,  might  be  stated  at  0"''2'2.     From  that 

c  individuals  i 
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of  nearly  nine-tenths  of  a  complete  circuit),  both  in  angle  and  distance^ 
with  a  degree  of  exactness  fuUy  equal  to  Oiat  of  ohsercation  itself.  No 
doobc  can,  therefore,  remain  as  to  the  prevalence  in  this  remote  system  of 
the  Newtonian  law  of  gravitation. 

(845.)  The  observations  of  £  Urea)  Majoris  are  equally  well  repre- 
sented by  M.  Midler's  elements  (4  o  of  our  table,)  thus  fully  justifying 
the  asramption  of  the  Newtonian  law  as  that  which  regulates  the  motions 
of  their  binary  systems.  And  even  should  it  be  the  case,  as  M.  Madlcr 
appears  to  consider,  that  in  one  instance  at  least  (that  of  p  Ophiuchi,) 
deviations  from  elliptic  motion,  too  considerable  to  arise  from  mere  error 
of  observation,  exist  (a  position  we  are  by  no  means  prepared  to  grant,)* 
we  should  rather  be  disposed  to  look  for  the  cause  of  such  deviations  in 
pertorbations  arising  (as  Bessel  has  suggested)  from  the  large  or  central 
star  itself  being  actually  a  close  and  hitherto  unrecognized  double  star 
than  in  any  defect  of  generality  in  the  Newtonian  law. 

(846.)  If  the  great  length  of  the  periods  of  some  of  these  bodies  be 
remarkable,  the  shortness  of  those  of  others  is  hardly  less  so.  f  Herculis 
has  already  completed  two  revolutions  since  the  epoch  of  its  first  discovery, 
exhibiting  in  its  course  the  extraordinary  spectacle  of  a  sidereal  occulta- 
tkm,  the  small  star  having  twice  been  completely  hidden  behind  the  largo 
one.  7  (Joronss,  i  Cancri,  and  {  Ursso  have  each  performed  more  than 
one  entire  circuit,  and  70  Ophiuchi  and  y  Virginis  have  accomplished  by 
frr  the  larger  portion  of  one  in  angular  motion.  If  any  doubt,  therefore, 
eonld  remain  as  to  the  reality  of  their  orbitual  motions,  or  any  idea  of 
explaining  them  by  mere  parallactic  changes,  or  by  any  other  hypothesis 
than  the  agency  of  centripetal  force,  these  facts  must  suffice  for  their  com- 
plete dissipation.  We  have  the  same  evidence,  indeed,  of  their  rotations 
about  each  other,  that  we  have  of  those  of  Uranus  and  Neptune  about  the 
sun ;  and  the  correspondence  between  their  calculated  and  observed  places 
in  such  very  elongated  ellipses,  must  be  admitted  to  carry  with  it  proof  of 
the  prevalence  of  the  Newtonian  law  of  gravity  in  their  systems,  of  the 
very  same  nature  and  cogency  as  that  of  the  calculated  and  observed  places 
of  comets  round  the  central  body  of  our  own. 

(847.)  But  it  is  not  with  the  revolutions  of  bodies  of  a  planetary  or 

*  p  Ophiuchi  belongs  to  the  cIbm  of  very  unequal  double  etara,  the  magnitudes  of  the 
indtvidualt  being  4  and  7.  Such  stars  present  difHcuhies  in  the  exact  menfturement  of 
ihfir  angles  of  position  which  even  yet  continue  to  embarrass  the  obwrver,  though, 
owing  to  later  improvements  in  the  art  of  executing  such  measurements,  their  influ- 
ence is  confined  within  much  narrower  limits  than  in  the  earlier  history  of  the  subject. 
In  simply  placing  a  fine  single  wire  parallel  to  the  line  of  junction  of  two  such  stsrs  it 
ii  easily  possible  to  commit  an  error  of  3^  or  4°.  By  placing  them  between  two  parallel 
(hick  wires  such  errors  are  in  great  measure  obviated. 
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to  be  0*353,  the  mass  of  our  sun  being  1.  The  sun,  therefore,  is  neither 
TMtlj  greater  nor  vastly  less  than  the  stars  composing  61  Cjgni. 

(849.)  G%e  data  in  the  case  of  a  Centauri  are  more  uncertain.  Since 
the  jear  1822,  the  distance  has  been  steadily  and  pretty  rapidly  decreasing 
at  the  rate  of  about  half  a  second  per  annum,  and  that  with  Very  little 
diange  in  the  angle  of  position.  Hence,  it  follows  evidently  that  tho 
plane  of  its  orbit  passes  nearly  through  the  earth,  and  (the  distance  about 
the  middle  of  1834  having  been  17i'')  it  is  very  probable  that  either  an 
oeenltatioDy  like  that  observed  in  £*  Herculis,  on  a  close  appulse  of  the 
two  atarsy  will  take  place  about  the  year  1867.  As  the  observations  wo 
po— eas  afibrd  no  sufficient  grounds  for  a  satisfactory  calculation  of  elliptic 
elementa'  we  muat  be  content  to  assume  what,  at  all  events,  they  fully 
jnitifyy  Tis.|  that  the  major  semiazis  must  exceed  12",  and  is  very  pro- 
bably oonaidenibly  greater.  Now  this  with  a  parallax  of  0"'013  would 
pve  for  the  real  value  of  the  semiaxis  13*15  radii  of  the  earth's  orbit,  as 
a  minimam.  The  real  dimensions  of  their  ellipse,  therefore,  cannot  be  so 
small  as  the  orbit  of  Saturn ;  in  all  probability  exceeds  that  of  Uranus ; 
and  may  possibly  be  much  greater  than  either. 

(850.)  The  parallel  between  these  two  double  stars  is  a  remarkable  one. 
Owing  no  doubt  to  their  comparative  proximity  to  our  system,  their  appa- 
rent proper  motions  are  both  unusually  great,  and  for  the  same  reason 
probably  rather  than  owing  to  unusually  large  dimensions,  their  orbits 
appear  to  na  under  what,  for  binary  double  stars,  we  must  call  unusually 
laige  angles.  Each  consists,  moreover,  of  stars,  not  very  unequal  in 
bnghtneasy  and  in  each  both  the  stars  are  of  a  high  yellow  approaching 
to  orange  colour,  the  smaller  individual,  in  each  case,  being  also  of  a 
deeper  tint  Whatever  the  diversity,  therefore,  which  may  obtain  among 
other  sidereal  objects,  these  would  appear  to  belong  to  the  same  family  or 
genua.' 

(851.)  Many  of  the  double  stars  exhibit  the  curious  and  beautiful 
pluenomenon  of  contrasted  or  complementary  colours.'    In  such  instances, 

*•  Elements  have  been  recently  computed  by  Captain  Jacob,  for  which  see  the  lable* 
p.  483. 

*  Similar  combinations  are  very  numerous.  Many  remarkable  instances  occur  among 
the  doable  itara  catalngoed  by  the  author  in  the  2nd,  3rd,  4th,  6th  and  9th  volumes  of 
Tram*  Roy.  Ast.  Soc.  and  in  the  volume  of  Southern  oboervations  already  citrd.  See 
Noe.  121»  375p  1066p  1907,  2030,  2U6,  2214,  2772,  3853.  33D5,  3998,  4000,  4055,  4196, 
4210,  4ei5,  4S49,  4765,  5003,  5012,  of  these  catalogues.  The  Bne  binary  star,  B.  A.  C. 
No.  4983,  has  its  conatitoents  15''  apart,  the  one  6m.  yellow,  the  other,  7m.  orange. 

■  **  other  suns,  perhaps. 

With  their  attendant  moons,  thou  wilt  descry* 
Communicating  male  and  female  light, 


OXITLINES   OF  ASTRONOMT.                                            , 

tar  ia  usually  of  a  ruilJy  or  orange  iiue,  while  tl\c  afflalJer  one 
ic  or  green,  probably  io  virtue  of  that  general  law  of  optics, 
ides,  that  when  the  rctma  is  under  the  influeDce  of  escileraent 
;ht,  coloured  light;  feebler  lights,  which  seen  bIobb  would  pro- 
sation  but  of  vrhitenesa,  shall  for  the  time  appear  coloured  with 
inplementary  to  that  of  the  brighter.  Thua  a  yellow  colour 
Ing  in  tlie  light  of  the  brighter  star,  that  of  the  teas  bright  one 
e  field  of  view  will  appear  blue  j  while,  if  the  tint  of  the 
r  verge  W  crimson,  that  of  the  other  will  exhibit  a  tendeury  to 
even  appear  as  a  vivid  grcco,  under  favourable  nrcum stances. 

contrast  is  beautifully  eshibited  by  t  Canon — ^the  latter  by  j 
e',  both  fine  double  stars.  If,  however,  the  ooloureJ  Hiar  bo 
less  bright  of  the  two,  it  will  not  materially  afiect  the  other, 
islanec,  ■]  Cassiopeire  exhibila  the  beautiful  combination  of  a 

star,  and  a  small  one  of  a  rich  ruddy  purple.  It  is  by  no 
ever,  intended  to  say,  that  in  all  suoh  cases  one  of  the  colours 
ffect  of  contrast,  and  it  may  be  eaHicr  suggested  in  words,  than 
a  imagination,  what  variety  of  illumination  tico  suns  —  a  red 
1,  or  a  yellow  and  a  blue  one — roust  afford  a  phinet  circulating 
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(852.)  Another  Tery  interesting  subject  of  inquiry,  in  the  pbjsieal 
history  of  the  stars,  is  their  proper  motion.  It  was  first  noticed  by 
HaDey,  that  three  prineipal  stars,  Sirius,  Arcturus,  and  Aldebaran,  are 
pbeed  by  Ptolemy,  on  the  strength,  of  observations  made  by  llipparchus, 
UO  yens  B-C,  in  hititades  respectively  20',  22',  and  33'  more  northerly 
than  he  actually  fbnod  them  in  1717  J  Making  due  allowance  for  the 
dbainntion  of  obliquity  of  the  ecliptic  in  the  interval  (1847  years)  they 
ought  to  have  stood,  if  really  fixed,  respectively  10',  14',  and  O'  more 
makerljf.  As  the  cireamstances  of  the  statement  exclude  the  supposi- 
tion of  error  of  transcription  in  the  MSS.,  we  are  necessitated  to  admit  a 
aonthward.motion  in  latitude  in  these  stars  to  the  very  considerable  extent, 
MpectiTely«  of  87',  42',  and  33',  and  this  is  corroborated  by  an  observa- 
tioQ  of  Aldebaran  at  Athens,  in  the  year  A.  d.  509,  which  star,  on  the 
11th  of  March  in  that  year,  was  seen  immediately  after  its  emergence 
fiom  oecultation  by  the  moon,  in  such  a  position  as  it  could  not  have  had 
if  the  occultatbn  were  not  nearly  centrsl.  Now,  from  the  knowledge  we 
have  of  the  lunar  motions,  this  could  not  have  been  the  case  had  Aide- 
baiun  at  that  time  so  much  southern  latitude  as  at  present.  A  priori,  it 
Might  be  expected  that  apparent  motions  of  some  kind  or  other  should 
be  detected  among  so  great  a  multitude  of  individuals  scattered  through 
ifnee,  and  with  nothing  to  keep  them  fixed.  Their  mutual  attractions 
•fcn,  however  inconceivably  enfeebled  by  distance,  and  counteracted  by 
0|qpoting  aturactions  from  opposite  quarters,  must  in  the  lapse  of  count- 
kaa  agea  produce  9ome  movements — some  change  of  internal  arrangement 
— reanlting  from  the  difference  of  the  opposing  actions.  And  it  is  a  fact, 
that  such  apparent  motions  are  really  proved  to  exist  by  the  exact  obscr- 
Tationa  of  modem  astronomy.  Thus,  as  we  have  seen,  the  two  stars  of 
61  Cygni  have  remained  constantly  at  the  same,  or  very  nearly  the  same, 
distance,  of  15",  for  at  least  fifty  years  past,  although  they  have  shifted 
their  local  situation  in  the  heavens,  in  this  interval  of  time,  through  no 
leaa  than  4'  23",  the  annual  proper  motion  of  each  star  being  5"*3 ;  by 
vhich  quantity  (exceeding  a  third  of  their  intcn'al)  this  system  is  every 
year  carried  bodily  along  in  some  unknown  path,  by  a  motion  which,  ibr 
many  centuries,  must  be  regarded  as  uniform  and  rectilinear.  Among 
stars  not  double,  and  no  way  differing  from  the  rest  in  any  other  obvious 
particular,  f  Indi'  and  ^  Cassiopeise  are  to  be  remarked  as  having  the 
greatest  proper  motions  of  any  yet  ascertained,  amounting  respectively  to 
7^*74  and  8"*74  of  annual  displacement.     And  a  great  many  others  have 

»  Phil.  1  ran«.  1717,  vol.  xxx.  fo.  736. 

■ 

*  D* .Arrest.  Astr.  Nacbr.,  No.  61S. 
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t  not  less  unequirocul  luotioas.' 

Motions  which  require  whole  ceoturies  to  accumulate  before 
CO  changes  of  arrangement,  such  as  the  naked  eye  can  detect, 
te  sufficient  to  dcsiroj  thut  idea  of  mathematical  Oxity  which 
ipeculalion,  are  yet  too  trifling,  aa  far  as  practical  applications 
ce  a  cliaage  of  language,  and  lead  us  to  epcak  of  the  stare  in 
irlance  as  otberwise  iban  fised.     Small  as  they  are,  however, 
s,  OBCO  assured  of  their  reulily,  have  not  been  wantiug  Id  at- 
■splain  and  reduce  tbcm  to  general  laws.     No  one,  who  reflects 
tteotion  on  the  subject,  will  bo  inclined  to  deny  the  high  proba- 
eertainty,  ibat  the  smh  as  well  as  the  stars  most  have  a  proper 
iomf.  direction ;  and  the  inevitable  consequence  of  such  n  ido- 
participated  by  the  rest,  tnust  be  a  alow  average  apparent  ten- 
11  the  stars  to  the  Tunisbing  point  of  lines  parallel  to  that 
md  to  the  region  which  ha  'a  leaving,  however  greatly  indi- 
i  might  differ  from  such  average  by  reason  of  their  own  pecn- 
motion.      This  is  the  necessary  effect  of  perspective  ;  and  it  K 
t  it  must  be  detected  by  observation,  if  wo  knew  accurately  the 
Tope^moJJon^^ilMh^lare^ii^^^jer^u^^baMhe^^ 
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the  Ibngoiogy  bat  difibring  from  it  about  27^  in  right  ascensioii.  Since 
that  time  methodfl  of  calculation  have  been  improved  and  concinnated, 
cur  knowledge  of  the  proper  motions  of  the  stars  has  been  rendered  more 
pVBoiiei  and  a  greater  number  of  cases  of  such  motions  have  been  re- 
emded.  The  rabject  has  been  resumed  by  several  eminent  astronomers 
and  ■nathftmatiftJOTii :  vis.  1st,  by  M.  Argelandcr,  who,  from  the  conside- 
lation  of  the  proper  motions  of  21  stars  exceeding  1"  per  annum  in  are, 
h«  pboed  the  lo^  apex  in  R.  A.  256''  25',  N.  P.  D.  dl""  23' ;  from  those 
of  50  atan  between  0"-5  and  l"-0,  in  255''  10'  51''  26';  and  from  those 
flf  819  atan  having  motions  between  0"*1  and  0'''5  per  annum,  in  261" 
11'  68^  2' :  2ndljy  by  M.  Luhndahl,  whose  calculations,  founded  on  the 
proper  motiona  of  147  stars,  give  252"  53',  75"  84' :  and  3rdly,  by  M. 
Otto  Strnve,  whose  xeanlt  261"  22',  62"  24',  emerges  from  a  very  clabo- 
nte  diaonaaion  of  the  proper  motions  of  392  stars.  All  these  places  are 
ftrA.n.1790. 

(855.)  The  moat  probable  mean  of  the  results  obtained  by  these  three 
aatranomen,  ia  (for  the  same  epoch)  K  A. =259"  0",  N.  P.  D.  55"  23^. 
Iheir  naearoheB,  however,  extending  only  to  stars  vbible  in  European 
ofaaervatorieei  it  beoame  a  point  of  high  interest  to  ascertain  how  far  the 
alaiB  of  the  aonthem  hemisphere  not  so  visible,  trea^  independently  on 
the  same  ayatem  of  procedure,  would  corroborate  or  controvert  their  oon- 
flfankm.  The  obaenrationa  of  Laoaille,  at  the  Cape  of  Grood  Hope,  in 
1751  and  1762,  compared  with  those  of  Mr.  Johnson  at  St  Helena,  in 
1829-88,  and  of  Henderson  at  the  Cape  in  1830  and  1831,  have  afforded 
the-  maana  of  deciding  this  question.  The  task  has  very  recently  been 
eaaeoted  in  a  maaterly  manner  by  Mr.  Galloway,  in  a  paper  published  in 
the  Fhiloaophioal  Transaotiona  for  1847  (to  which  we  may  also  refer  the 
leader  lor  a  more  partionlar  account  of  the  history  of  the  subject  than  our 
limita  allow  na  to  ^ve.)  On  comparing  the  records,  Mr.  Galloway  finds 
ei^tj^<Nieaonthero  atara  not  employed  in  the  previous  investigations  above 
lefened  to,  whoae  proper  motions  in  the  intervals  elapsed  appear  consider- 
able enoDgh  to  assure  us  that  they  have  not  originated  in  error  of  the 
eaiiier  observations.  Subjecting  these  to  the  same  process  of  compij^tation 
he  eooelndca  for  the  place  of  t^e  solar  apex,  for  1790,  as  follows :  viz. 
S.  A.  260"  r,  N.  P.  D.  55"  37',  a  result  so  nearly  identical  with  that 
affiraded  by  the  northern  hemisphero,  as  to  afford  a  full  conviction  of  its 
near  approach  to  troth,  and  what  may  fairly  be  considered  a  demonstration 
of  the  physical  cause  assigned. 

(856.)  Of  the  mathematical  conduct  of  this  inquiry  the  nature  of  this 
work  precludes  our  giving  any  account;  but  as  the  philosophical  principle 
on  wluch  it  ia  baaed  has  been  misconceived,  it  is  necessary  to  say  a  few 


OUTLISES    OF   ASTRONOMY.                                              *| 

resulted  from  tlie  consideration  of  wliat  we  have  elsewbero 
SIDUAL  ph^NOMesa',  of   a  quantilativa  or  numerical  kind, 
Ry,  of  such  portions  of  the  numerical  or  quHntiUtive  results  of 

)g  for  all  that  would  result  from  tbe  strict  application  of  known 

resulted  as  a  regidual  pbEenoraonoii,  from  tbe  imperfect  esplana- 
return  of  tbe  seasons  by  the  return  of  the  sun  to  the  same 

\aee  among  the  filed  stjirs.  Thus,  also,  aberration  and  nutation 
residual  phienomcna  from  tbat  portion  of  tbe  changes  of  the 

Kai  thus  again  the  oppnrent  proper  (notions  of  the  stars  are 

The  nearest  approach  which  human  theories  can  make  to    , 
is  ffl  diminish  this  reaidue,  this  caput  moriaiim  of  observutiiMi, 

ig,  cittier  by  showing  that  something  has  been  negiecled  in  our 
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(857.)  Thii'  18  the  process  resorted  to  by  all  the  geometers  we  Lave 
ommentted  in  the  foregoing  articles  (arts.  854,  855).  It  gives  not  only 
Ae  directioa  in  spacCi  but  also  the  velocity  of  the  solar  motion,  estimated 
on  a  Male  conformable  to  that  in  which  the  velocity  of  the  sidereal  motions 
la  be  explained  are  given;  %.  e.  in  seconds  of  arc  as  subtended  at  the 
avenge  distance  of  the  stars  concerned,  by  its  annual  motion  in  space. 
Bat  here  a  consideration  occurs  which  tends  materially  to  complicate  the 
probkni,  and  to  introduce  into  its  solution  an  element  depending  on  sup- 
pontione  more  or  less  arbitrary.  The  distance  of  the  stars  being,  except 
in  two  or  three  instances,  unknown,  we  are  compelled  either  to  restrict  our 
ioquiiy  to  thesey  which  are  too  few  to  ground  any  result  on,  or  to  make 
aome  enppoeition  as  to  the  relative  distances  of  the  several  stars  employed. 
In  this  we  haTO  nothing  but  general  probability  to  guide  us,  and  two 
Qonnee  only  preaent  themselves,  either,  1st,  To  class  the  distances  of  the 
■tart  according  to  their  magnitudes,  or  apparent  brightnesses,  and  to 
iDskitate  aeparate  and  independent  calculations  for  each  class,  including 
■lUB  aaaamed  to  be  equidistant,  or  nearly  so:  or,  2dly,  To  class  them 
aeoording  to  the  observed  amount  of  their  apparent  proper  motions,  on 
the  presnmptioQ  that  those  which  appear  to  luove  fastest  are  really  nearest 
to  na.  The  former  is  the  course  pursued  by  M.  Otto  Struvc,  the  latter 
hj  M.  Argelander.  With  regard  to  this  latter  principle  of  classification, 
hoveveTi  two  oonaiderations  interfere  with  its  applicability,  viz.  1st  that 
we  see  the  real  motion  of  the  stars  foreshortened  by  the  effect  of  perspec- 
tive; and  2d]y,  that  that  portion  of  the  total  apparent  proper  motion 
which  arises  finom  the  real  motion  of  the  sun  depends,  not  simply  on  the 
ahsolote  distance  of  the  star  from  the  sun,  but  also  on  its  angular  apparent 
distaiiee  from  the  solar  apex,  being,  ceteris  paribus,  as  the  sine  of  that 
angle.  To  ezeeate  such  a  classification  correctly,  therefore,  we  ought  to 
know  both  these  particulars  for  each  star.  The  first  is  evidently  out  of 
our  reach.  We  are  therefore,  for  that  very  reason,  compelled  to  regard  it 
as  casnaly  and  to  assume  that  on  the  average  of  a  great  number  of  stars  it 
would  be  uninfloential  on  the  result  But  the  second  cannot  be  so  sum- 
marily disposed  of.  By  the  aid  of  an  approximate  knowledge  of  the  solar 
apeZy  it  is  true,  approximate  values  may  be  found  of  the  simply  apparent 
portions  of  the  proper  motions,  supposing  all  the  stars  equidistant,  and 
dieBe  being  subducted  from  the  total  observed  motions,  the  residues  might 
afbrd  ground  for  the  classification  in  question.*    This,  however,  would  be 

'  M.  Argelander's  daises,  however,  are  constructed  without  reference  to  this  con- 
sideration, on  the  sole  basis  of  the  total  apparent  amount  proper  motion,  and  are,  there- 
ion,  pn  tmnU,  questbnable.  It  is  the  more  satisfactory  then  to  find  so  considerable 
an  agreement  among  his  partial  results  as  actually  obtains. 
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to  3  Certain  extent  pre<^ariniis  system  of  prooedoro.     On  the 
,  the  cIussiGcntion  by  nppircut  brightness  is  open  to  no  suolt     , 

e  brighter  stars  are  tLe  nearer,  and  thnt  the  esccptions  U>  this 
iual  in  that  sense  of  tlio  word  which  it  always  beiirs  in  such 

ly  or  other  on  either  side  of  a  determinate  numerical  rule.     In 
ray's  discussion  of  the  southern  slare  the  consideration  of  dis- 
It-cd  altogether,  which  ie  equivalent  to  an  admiasion  of  complete 
™  this  point,  as  well  as  respecting  the  real  directions  and 
f  the  individual  raotiouB. 

fho  veloi'ity  of  the  solar  motion  which  results  from  M.  Otto 
ilculatioDs  ia  auch  us  would  carry  it  over  an  angular  suhtenae 
:  if  seen  at  right  angles  from  the  average  distance  of  a  »t«r  of 
ignitude.     If  we  lake,  with  M.  Struve,  senior,  the  parallax  of 
as  probably  equal  to  0"-20il,'  we  shall  at  once  be  enabled  to 
is  annual  motion  with  the  radius  of  the  earth's  orbit,  the  resnll 
3  of  such  units.     The  sun  then  advances  through  space  (relk- 
leiist,  among  the  stars,)  carrying  with  it  the  whole  planetary 
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ffmt  lUfltmen  from  them  rcspectivelj,  id  the  manDer  of  binary  stars : 
[nd  it  has  been  reoentiy  shown  by  M.  Peters  (Ast.  Nachr.  748^)  that, 
IB  the  cue  of  Sirinii  inoh  a  circulation,  performed  in  a  period  of  50*093 
jian  in  an  ellipaa  vhoae  excentricity  is  0.7994,  the  perihelion  passage 
taloBg  plaee  at  the  epoch  a.  d.  1701  481,  would  reconcile  in  a  remark- 
able mamer  the  obaerved  anomalies,  and  reduce  the  residual  motion  to 
viCannity.] 

(860.)  The  whole  of  the  reasoning  upon  which  the  determination  of 
the  aohr  motion  in  apace  rests,  is  based  upon  the  entire  exclusion  of  any 
law  ather  deriTed  from  observation  or  assumed  in  theory,  affecting  the 
aaMmnt  and  direction  of  (he  real  motions  both  of  the  sun  and  stars.  It 
aappoeea  an  aheolnte  non-recognition,  in  those  motions,  of  any  general 
Aeetive  canaa^  anoh  aa,  for  example,  a  common  circulation  of  all  about  a 
eonmon  centre.  Any  anch  limitation  introduced  into  the'  conditions  of 
the  problem  of  the  aolar  motion  would  alter  in  toto  both  its  nature  and 
the  Ibrai  of  ita  aolntion.  Suppose,  for  instance,  that,  conformably  to  the 
apecniationa  of  aeverol  astronomers,  the  whole  system  of  the  ^lilky  AVay, 
iMlnding  onr  aoni  and  the  stars,  our  more  immediate  neighbours,  which 
eonatitnte'onr  ndereal  firmament,  should  have  a  general  movement  of  rota- 
tion in  the  plane  of  the  galactic  circle  (any  other  would  be  exceedingly 
iJB^MPolmble,  indeed  hardly  reconcilable  with  dynamical  principles,)  being 
hdd  together  in  opposition  to  the  centrifugal  force  thus  generated  by  the 
aratnal  gravitation  of  its  constituent  stars.  Except  we  at  the  same  time 
admitted  that  the  acale  on  which  this  movement  proceeds  is  so  enormous 
that  all  the  atara  whoae  proper  motions  we  include  in  our  calculations  go 
together  in  a  body,  so  far  as  that  movement  is  concerned  (as  forming  too 
■Ball  an  integrant  portion  of  the  whole  to  differ  sensibly  in  their  relation 
to  ila  eentral  point;*)  we  stand  precluded  from  drawing  any  conclusion 
liiateYer,  not  only  respecting  the  absolute  motion  of  the  sun,  but  respcct- 
iog  even  ita  relative  movement  among  those  stars,  until  we  have  established 
aome  law,  br  at  all  events  framed  some  hypothesis  having  the  provisional 
fiyroe  of  a  law,  oonneoting  the  whole,  or  a  part  of  the  motion  of  each  indi- 
vidual with  ita  aitnation  in  space. 

(861.)  SpecnlatioDS  of  this  kind  have  not  been  wanting  in  astronomy, 
and  reoantlj  an  attempt  has  been  made  by  M.  MUdler  to  assign  the  local 
centre  in  apace,  round  which  the  sun  and  stars  revolve,  which  he  places 
in  the  group  of  the  Pleiades,  a  situation  in  itself  improbable,  lying  as  it 
doea  no  leaa  than  26^  out  of  the  plane  of  the  galactic  circle,  out  of  which 
^ane  it  ia  almoat  inconceivable  that  uny  general  circulation  can  take  place. 
In  the  preaent  defective  state  of  our  knowledge  respecting  the  proper 
motioli  of  the  amaller  stars,  especially  in  right  aacenaion,  (an  element  for 
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irt  far  less  exactly  ascertaiiiublc  than  the  polar  ■disUnce,  or  at 
"iiaa  been  hitherto  fur  leES  aceuratdy  oscerl&iDcd,)  we  caanol 
all  attempts  of  the  kind  as  lo  a  cprtain  extent  premature, 
DO  means  to  be  discouraged  as  forerunnera  of  Bomelbing  mora 
I'he  ijucslion,  as  a  matter  of  fact,  whether  a  rotation  of  the     | 
ts  own  pkae  exist  or  not,  might  be  at  once  resolved  by  tbs 

stars  of  the  Milky  Way,  judiciously  selected  for  the  purpose, 
in;;  aU  magniliidei,  down  to  the  smallest  distinctly  identifi»ble, 
;  of  being  observed  with  normal  accuracy:  aad  we  would  re- 
he  inquiry  to  the  special  attention  of  the  directors  of  permanent 
as,  provided  with  adequate  instniniental  means,  in  both  hem!- 
rhirty  or  forty  years  of  obsen-ation,  [terse vert ngly  directed  to 
in  view,  could  not  fail  to  settle  the  question.' 
?he  Bolar  motion  through  space,  if  real  and  not  simply  relative, 
:ise  to  uranogrophical  corrections  analogous  to  parallax  aod 
The  solar  or  systematic  parallax  is  no  other  than  that  part 
icr  motion  of  each  sUr  which  is  simply  apparent, ' arising  from 
motion,  and  until  the   distances  of  the  stats  be  known,  must 
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aj  in  a  period  of  10,000  dajs.  Then  if  both  the  sun  and  the  centre  of 
gnrifyof  the  binaiy  system  remained  fixed  in  space,  the  relative  apparent 
■tostion  of  the  stus  would  be  exactly  restored  to  its  former  state  after 
tka  kpn  of  this  intenrali  and  if  the  angle  of  portion  were  0^  at  first, 
iftv  10,000  days  it  woald  again  bo  so.  But  now  suppose  that  the  centre 
€f  gimritj  of  the  star  were  in  the  act  of  receding  in  a  direct  line  from 
the  mm,  with  a  velocity  of  one-tenth  part  of  the  radius  of  the  earth's 
ariiil|ier  diem.  Then  at  the  expiration  of  10,000  days  it  would  be  more 
liBOCa  from  ns  by  1000  sach  radii,  a  space  which  light  would  require  57 
itju  to  iravene.  Although  really,  therefore,  the  stars  would  have  arrived 
at  the  pontion  0^  at  the  exact  expiration  of  10,000  days,  it  would  require 
57  days  more  for  the  notice  of  that  fact  to  reach  our  system.  In  other 
yndk,  the  period  woold  appear  to  ns  to  be  10,057  days,  since  wc  could 
only  eonclade  the  period  to  be  completed,  when  to  us,  as  observers,  the 
Qi^;iiial  angle  of  position  was  again  restored.  A  contrary  motion  would 
podnee  a  oontrary  effect 
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fanliled  firoiii  iha  rest  of  the  heavens.  The  constellation  called  Coma  ' 
Berenices  i»  uKylher  saeh  groap,  more  diffused^  and  consisting  on  the ' 
thole  of  larger  stars. 

(865.)  In  the  oonstellation  Cancer,  there  is  a  somewhat  similar,  hut 
kn  definite,  Inminoas  spot^  called  Pnesepc,  or  the  bee-hive,  which  a  very , 
■odenle  tekfloope,  —  an  ordinary  night-glass  for  instance,  — resolves  en- 
tinlj  into  atm.  In  the  sword-handle  of  Perscns,  also,  is  another  such, 
l|Wt^  etowded  widi  stars,  which  requires  rather  a  better  telescope  to  resolve 
{ndmdnalSy  separated  from  each  other.  These  are  called  clusters  of 
i;  nnd,  whatever  be  their  nature,  it  is  certain  that  other  laws  of  ag- 
ff^if&m  Bobnat  in  these  spots,  than  those  which  have  determined  the 
SMttering  of  atara  over  the  general  surface  of  the  sky.  This  eonclusion 
k  adil  mora  atrongly  pressed  upon  us,  when  we  come  to  bring  very 
poweiflil  teleaoopea  to  bear  on  these  and  similar  spots.  There  are  a 
JpttA  munbar  of  objects  which  have  been  mistaken  for  comets,  and,  in 
iMl^  hsfa  iwj  nraeh  the  appearance  of  comets  without  tails :  small  round, 
ar  oral  nabiikNUi  specks,  which  telescopes  of  moderate  power  only  show 
aa  aaoh.  Meaaiar  Vaa  given,  in  the  Connois.  des  Temps  for  1784,  a  list 
ef  die  plaeea  of  108  -objects  of  this  sort ;  which  all  those  who  search  for 
SMMla  oQght  to  be  familiar  with,  to  avoid  being  misled  by  their  similarity  ■ 
af  appearanee.  That  they  are  not,  however,  comets,  their  fixity  suffi- 
flHndjr  pffovea;  and  when  we  come  to  examine  them  with  instruments  of 
gnat  power,— -aneh  aa  reflectors  of  eighteen  inches,  two  feet,  or  more  in 
^,— HOiy  saoh  idea  is  completely  destroyed.  They  are  then,  for  the 
paxl^  peroaived  to  consist  entirely  of  stars  crowded  together  so  as  to 
ipj^  nUnoat  a  definite  ontline,  and  to  run  up  to  a  blaze  of  L'ght  in  the. 
>,  when  their  eondensation  is  usually  the  greatest.  (See  fy,  1, 
pL  IL,  wbidi  lepreaents  (somewhat  rudely)  the  thirteenth  nebula  of 
Uat  (deaeribed  by  him  as  nihuleuse  aans  itoilei),  as  seen  in  a 
of  18  inches  aperture  and  20  feet  focal  length.)  Many  of  them, 
aie  of  an  ezacdy  round  figure,  and  convey  the  complete  idea  of  ai 
gMmlar  apace  filled  full  of  stars,  insulated  in  the  heavens,  and  consfitut-^ 
■g  in  itadf  a  fiunily  or  society  apart  from  the  rest,  and  subject  only  to 
ila  own  intarnal  laws.  It  would  be  a  vain  task  to  attempt  to  count  the 
rtaia  in  one  of  these  globular  clusters.  They  are  not  to  be  reckoned  by 
hondieda;  and  on  a  rough  calculation,  grounded  on  the  apparent  intervals 
between  them  at  the  borders,  and  the  angular  diameter  of  the  whole  group, 
it  wonld  appear  that  many  clusters  of  this  description  must  contain  at 
least  five  thonaand  stars,  compacted  and  wedged  together  in  a  round  space, 
whoaa  angular  diameter  does  not  exceed  eight  or  ten  minutes ;  that  is  to 
asy,  in  no  area  not  more  than  a  tenth  part  of  that  covered  by  the  moon. 
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Perhaps  it  roaj  be  thought  to  savour  of  tie  gigaatesque  to  look  , 
ladividuuls  of  such  a  group  as  suns  like  our  ono,  aud  their  mar  '■ 
uces  as  equal  to  those  wLJeh  separate  our  sun  from  the  nesrelt 
:  jet,  nhen  ne  consider  that  their  united  lustre  afTect:!   the  eja 
B  impression  of  light  than  a  star  of  the  fourth   tnagaitude,  (for 
t  of  these  clusters  is  barely  visible  to  the  naked  eye,)  the  idet 
us  compelled  to  form  of  their  distnnce  from  U3  maj  prepare  uS 
t  any  estimate  of  their  diraensiona.     At  all  event*,  we  caa 
k  upon  a  group  thus  insulated,  thus  iii  scipio  iotas,  If  res,  atqM 
sa  not  forming  a  system  of  a  peculiar  and  definite  character, 
nd  figure  clearly  indiMtea  the  eiisteuce  of  some  general  bond 
a  the  nature  of  an  atiractire  force ;  and,  in  niaoy  of  tbem,  there 
lent  acceleratton  in  the  rate  of  condensation  as  we  approach  the 
liich  is  not  referable  to  a  merely  uniform  distribution  of  equidifr 
through  a  globular  space,  but  marks  bd  intiinaic  dttuili/  in  theil 
grcgation,  greater  in  the  centre  than  at  the  surface  of  the  inasi. 
Lult  to  form  any  conception  of  the  dynamical  state  of  such  a 
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m  indefinito  snoeefirion  of  ages.  Supposing  their  motions,  therefore,  to 
k  to  a^jnsied  at  any  one  moment  as  that  the  orbits  should  not  intersect 
otheTi  and  so  that  the  magnitude  of  each  star,  and  the  sphere  of  its 
intenae  attraction,  should  bear  but  a  small  proportion  to  the  distance 
aqnzating  the  individnalsi  such  a  system,  it  is  obvious,  might  subsist,  and 
naliiey  in  great  meaaore,  that  abstract  and  ideal  harmony,  which  Newton, 
in  the  89th  Proposition  of  the  First  Book  of  the  Pri^icipia,  has  shown 
to  dwneteriie  a  law  of  force  directly  as  the  distance.' 

(867.)  The  following  are  the  places,  for  1830,  of  the  principal  of  these 
iwnarkaMe  objeotsy  as  specimens  of  their  cUiss :  — 


n.A. 

N.P.D. 

R.  A. 

N.  P.  D. 

R.  A. 

N.  P.  D. 

k.  M.  ft. 

o   / 

h.  m.  ■. 

o   / 

h.  m.  ■. 

o    / 

•  16  U 

163   2 

15   9  56 

87  16 

17  26  51 

143  34 

f  8  as 

154  10 

.  15  34  56 

127  13 

17  28  42 

93   8 

IS  47  41 

159  57 

16   6  55 

112  33 

11  26   4 

114   2 

IS   4  SO 

70  55 

16  23   2 

102  40 

18.  55  49 

150  14 

IS  16  38 

136  85 

16  85  37 

53  13 

21  21  43 

78  34 

IS  84  10 

60  46 

16  50  24 

119  51 

21  24  40 

91  34 

Of  theae,  bj  far  the  most  conspicuous  and  remarkable  is  »  Centauri  the 
ffth  of  the  list  in  order  of  Bight  Ascension.  It  is  visible  to  the  naked 
eye  as  a  dim  round  cometic  object  about  equal  to  a  star  4*5  m.,  though 
prohably  if  concentered  in  a  single  point,  the  impression  on  the  eye  would 
he  much  greater.  Viewed  in  a  powerful  telescope  it  appears  as  a  globe 
of  fnllj  2ff  in  diafaieter,  very  gradually  increasing  in  brightness  to  the 
eentre,  and  composed  of  innumerable  stars  of  the  13th  and  15th  magni- 
tadee  (the  former  probably  being  two  or  more  of  the  latter  closely  juxta- 
poaed).  The  11th  in  order  of  the  list  (B.  A.  16*"  35-)  is  also  visible  to 
the  naked  eye  in  very  fine  nights,  between  fj  and  S  Herculis,  and  is  a 
superb  object  in  a  large  telescope.  Both  were  discovered  by  Halley,  the 
fonner  in  1677,  and  the  latter  in  1714. 

(868.)  It  is  to  Sir  William  Herschel  that  we  owe  the  most  complete 
analyaia  of  the  great  variety  of  those  objects  which  are  generally  classed 
vnder  the  common  head  of  Nebulas,  but  which  have  been  separated  by 
him  into — Ist  Clusters  of  stars,  in  which  the  stars  are  clearly  disUn- 
gniahable;  and  these,  again,  into  globular  and  irregular  clusters;  2d. 
Beaolvable  nebulse,  or  such  as  excite  a  suspicion  that  they  consist  of  stars, 
and  which  any  increase  of  the  optical  power  of  the  telescope  may  be  ex- 
pected to  resolve  into  distinct  stars;  3d.  Nebulas,  properly  so  called,  in 
which  there  is  no  appearance  whatever  of  stars ;  which,  again,  have  been 
■nhdivided  into  subordinate  uses,  according  to  their  brightness  and  siie ; 

'  See  abo  Quarterly  Review,  No.  94,  p.  54a 
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arynebulaa;  5th.  Stellar  nululaj;  acd,  6th.  Ncbuloua  slanj. 
power  of  his  telescope  tiiaclosud  the  esisleuce  cf  an  immeDU 
these  objects  before  unknown,  and  Bhowed  them  to  be  distri- 
thc  heaveDB,  not  by  any  dicuds  unifuriul;,  but  with  u  marked 
to  B  certain  district,  eitcndiiig  over  tbe  nortbern  jwie  of  the 
He,  aod  oocupying  the  ooostellations  Leo,  Leo  Minor,  the  body, 
ind  legs  of  Ursa  Major,  Canea  Venatici,  Coma  Berenices,  tbo 
?g  of  Bootca,  and  the  Lead,  wing,  and  Bhouldera  of  Virgo.    In 
occupying  about  one-eighth  of  the  whole  surface  of  the  Bphere, 
■  the  entire  nebulous  contents  of  tbe  heavens  are  congregated. 

,  Tam-us,  the  head  and  shoulders  of  Orion,  Auriga,  Perseus, 

lens,  that  of  Aquila,  and  the  whole  of  liyra.     The  hours  3, 4, 
17,  IS,  of  right  ascension  in  tbe  northern  hemisphere  are  sia- 
r,  and,  on  the  other  band,  the  hours  10, 11,  and  12  (but  espe- 
extraordinarily  rich  in  these  objects.     In  the  Boothem  bemi- 
uucb    gru^iLk^r   uniformity  of   distribution    prevails,   and   with 
if  two  very  remarkable  centres  of  accumulation,  called  the 
ctouda  (of  which  more  presently),  there  is  no  very  decided 
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7di  magnitude  downwardi,  eiglit  of  tbe  more  coDspicuous  of  which  are 
eokmred  with  yarioaa  ihadca.  of  red,  green,  and  blue,  so  as  to  give  to  the 
iriiole  the  appearanoe  of  a  rich  piece  of  jewellery. 

(870.)  fieaolTable  nebnlie  can,  of  course,  only  be  considered  as  clusters 
either  too  remote,  or  consisting  of  stars  intrinsically  too  faint  to  affect  ns 
hj  their  individual  ligbt^  unless  where  two  or  three  happen  to  be  close 
cooa^  to  make  a  joint  impression,  and  give  the  idea  of  a  point  brighter 
than  the  leat  They  are  almost  universally  round  or  oval — their  loose 
appendages^  and  irregularities  of  form,  being  as  it  were  extinguished  by 
the  diatanoe,  and  the  only  general  figure  of  the  more  condensed  parts  being 
diteenuble.  It  is  under  the  appearance  of  objects  of  this  character  that 
all  the  greater  globnhur  clusters  exhibit  themselves  in  telescopes  of  insuffi- 
Mot  opUeal  power  to  ahow  them  well;  and  the  conclusion  is  obvious,  that 
thoea  which  the  moat  powerful  can  barely  render  resolvable,  and  even 
thoae  which,  with  such  powers  as  are  usually  applied,  show  no  sign  of 
beiiig.  oompoaed  of  stars,  would  be  completely  resolved  by  a  further  in- 
enaae  of  (^»tioal  power.  In  fact^  this  probability  has  almost  been  con- 
'  verted  into  a  certainty  by  the  magnificei^t  reflecting  telescope  constructed 
by  Lord  fioase,  of  aix  feet  in  aperture,  which  has  resolved  or  rendered 
leaolvable  multitudes  of  nebulss  which  had  resisted  all  inferior  powers. 
The  aublimity  of  the  spectacle  a&rded  by  that  instrument  of  some  of  the 
laiger  globular  and  other  clusters  enumerated  in  the  list  given  in  Art.  867, 
ii  declared  by  all  who  have  witnessed  it  to  be  such  as  no  words  can  express. 

(871.)  Although,  therefore,  nobulso  do  exist,  which  even  in  this  power- 
fid  telescope  appear  om  nebulae,  without  any  sign  of  resolution,  it  may 
veiy  reasonably  be  doubted  whether  there  be  really  any  essential  physical 
diadnction  between  nebulas  and  clusters  of  stars,  at  least  in  the  nature  of 
the  matter  of  which  they  consist,  and  whether  the  distinction  between 
meh  nebulas  aa  are  easily  resolved,  barely  resolvable  with  excellent  tele- 
iOQpea,  and  altogether  irresolvable  with  the  best,  be  any  thing  else  than 
one  of  degree,  arising  merely  from  the  excessive  minuteness  and  multitude 
of  the  stars,  of  which  the  latter,  as  compared  with  the  former,  consist. 
The  first  impression  which  Halley,  and  other  early  discoverers  of  nebulous 
objeeto  received  from  their  peculiar  aspect,  so  different  from  the  keen, 
oooeentrated  light  of  mere  stars',  was  that  of  a  phosphorescent  vapour  (like 
the  matter  of  a  comet's  tail)  or  a  gaseous  and  (so  to  speak)  elementary  form 
of  Inminous  sidereal  matter.*  Admitting  the  existence  of  such  a  medium, 
diqwraed  in  some  cases  irregularly  through  vast  regions  in  space,  in  others 
confined  to  narrower  and  more  definite  limits,  9ir  W.  Herschel  was  led  to 
ipeciilate  on  its  gradual  subsidence  and  condensation  by  the  effect  of  its 

•  Halley,  Phil.  Trans.,  ixix.  p.  390. 
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hey  must  in  that  case  be)  towards  tte  centre.    Assuming  that 

general  l«ndency,  would  not  be  wanting,  he  conceived  that  in 
>lid  nuclei  might  arise,  whose  local  gravitation  etill  fiirlher 

3od,  might  ultimately  become  etan,  and  the  whole  nebnl» 
on  the  atate  of  a  cluster  of  stare.     Among  the  multitude  of 
ealed  bj  his  telescopes,  every  stage  of  this  process  might  be 
IS  displayed  to  our  cyoB,  and  in  every  modification  of  form  to 
;eneral  principle  might  ho  conceived  to  apply.     The  more  or 
cd  state  of  a  nebula  towards  its  segregation  into  discrete  stars 
e  stars  themeeiTea  towards  a  denser  state  of  aggregation  round 
luclcuB,  would   thus  be  in  some  sort  an  indication  of  age. 
there  any  variety  of  aspect  which  uehulm  ofler,  which  stands  at 
adiction  to  this  view.     Even  though  we  shonid  feel  ourselves 
«  reject  the  idea  of  a  gaseous  or  vaporous  "nebulous  matl«r," 

uent  on  subsidence,  mny  go  on  (juite  as  well  among  a  moiti- 
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;et-pIaoe,  to  which  a  large  proportion  of  the  inhabitants  of  a  town 
fieqaently  or  oooarionallj  resort,  implies  the  permanent  residence  of  each 
indiTiclual  within  its  area.  It  is  a  &ct  that  clusters  thus  centrally  crowded 
do  tMMtf  and  therefore  the  conditions  of  their  existence  must  he  dynami- 
cally poHiblej  and  in  what  has  been  said  we  may  at  least  perceive  somo 
l^mpsea  of  the  manner  in  which  they  are  so.  The  actual  intervals  be- 
tween the  Btara,  even  in  the  most  crowded  parts  of  a  resolved  nebula,  to 
he  aeen  at  all  by  ne,  must  be  enormous.  Ages,  which  to  us  may  well 
appeur  indefinite,  may  easily  be  conceived  to  pass  without  a  single  instance 
of  ebllifliony  in  the  nature  of  a  catastrophe.  Such  may  have  gradually 
baeome  larer  as  the  system  has  emerged  from  what  must  be  considered  its 
ehaotio  itatOi  till  at  length,  in '  the  fulness  of  time,  and  under  the  pre- 
■mnging  guidance  of  that  Design  which  pervades  universal  nature,  each 
indiTidual  nuy  have  taken  up  sucji  a  course  as  to  annul  the  possibility  of 
Anther  destrnotive  interference.^ 

(878.)  But  to  retnm  from  the  r^ons  of  speculation  to  the  description 
flf  frets.  Next  in  regularity  of  form  to  the  globular  clusters,  whose  con- 
■dention  baa  led  ns  into  this  digression,  are  elliptic  nebulae,  more  or  less 
dongated.  And  of  these  it  may  be  generally  remarked,  as  a  fact  un- 
doabtedly  connected  in  some  very  intimate  manner  with  the  dynamical 
conditionB  of  their  subsistence,  that  such  nebulse  are,  for  the  most  part, 
beyond  comparison  more  difficult  of  resolution  than  those  of  globular  form. 
They  are  of  all  degrees  of  excentricity,  from  moderately  oval  forms  to 
ellipaes  so  elongated  as  to  be  almost  linear,  which  are,  no  doubt,  edge- 
views  of  very  flat  ellipsoids.  In  all  of  them  the  density  increases  towards 
the  centre;  and  as  a  general  law  it  may  be  remarked  that,  so  far  as  we 
jndge  from  their  telescopic  appearance,  their  internal  strata  approach 
nearly  to  the  spherical  form  than  their  external.  Their  resolva- 
Vlity,  toO|  is  greater  in  the  central  parts,  whether  owing  to  a  real  supe- 
riority of  siie  in  the  central  stars  or  to  the  greater  frequency  of  cases  of 
dose  juztarposition  of  individuals,  so  that  two  or  three  united  appear  as 
one.  In  some  the  condensation  is  slight  and  gradual,  in  others  great  and 
sodden:  so  sadden,  indeed,  as  to  offer  the  appearance  of  a  dull  and 
Uotted  star,  standing  in  the  midst  of  a  faint,  nearly  equable  elliptic  nebu- 
losity, of  which  two  remarkable  specimens  occur  in  R.  A.  12^  10"*  33% 
N.  P.  D/41<>  46',  and  in  13^  27-  28%  119°  (f  (1830). 

(874.)  The  laigest  and  finest  specimens  of  elliptic  nebulse  which  the 
lieavens  afford  are  that  in  the  girdle  of  Andromeda  (near  the  star  v  of 
that  constellation)  and  that  discovered  in  1783,  by  Miss  Carolina  Ilcri^chel, 
ia  K  A.  0»  89-  12*,  N.  P.  D.  116°  13'.  The  nebula  in  Andromeda 
(Plate  II.  fig.  8.)  b  visible  to  the  naked  eye,  and  is  continually  mistaken 
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:t  by  tlioac  unacquainted  nitii  tbe  bearcns.     Slman  Mai^^| 
i  it  in  1612  (though  it  appears  aUo  to  have  been  seen  B^H 
IS  ovu],  in  1)95),  describes  its  appeanmco  as  that  of  a  oaad^H 
ougb  horn,  and  tiie  TcaenibluDce  is  not  inapt.    Itf  form,  m  M^^| 
iJDurj  telescopes,  is  a  prettj  long  oval,  increasing  by  iaseiuia^H 
sf  brigbtnesa,  at  first  very  grwliwliy,  but  nt  last  more  rnpidl^H 
trul  point,  which,  though  rery  much  brighter  than  the  res^^^| 
lot  a  star,  but  nebula  of  the  same  general  choructor  with  ^^| 
ite  of  extreme  eondensatioo.     Casual  stars  are  scattered  >l|^| 
L  a  reflector  of  18  inches  in  diutueter,  there  is  aotliiog  to  exc^^^ 
an  of  it^  eousisting  of  stars.     Examined  with  instruments  of 
^filling  power,  however,  the  evidenco  of  ite  resolvability  into 

he  regarded  as  dceiaire.     Mr.  G.  P.  Bond,  assistant  at  the 
■  of  Cambridge,  U.  S.,  describes  and  figures  i(  as  eKtending 

in  length,  and  upwards  of  a  degree  in  breadth/so  as  to  iocladc 
imaller  adjacent  uebulse),  of  a  form,  generally  speaking,  OTal, 
considerably  protuberant  irregularity  at  its  north  following  el- 
and though  not  itself  clearly  resolved,  yet  thickly  sown  over 
(  minute  stars,  so  numerous  as  to  allow  of  200  being  counted 
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^880).     The  nebul»  in  12*  27-  3-,  C3*>  5',  and  12'  31-  11%  100^  40' 
pnBeat  analogous  features. 

(875.)  Annular  nebuUa  also  exist,  but  are  among  the  rarest  objects  in 
Khe  heavens.  The  most  conspicuous  of  this  class  is  to  bo  found  almost 
Sfictlj  half  way  between  ^  and  y  Ljr»,  and  may  be  seen  with  a  telescope 
of  moderate  power.  It  is  small  and  particularly  well  defined,  so  as  to 
i$Kfe  more  the  appearance  of  a  flat  oval  solid  ring  than  of  a  nebula.  The 
Vies  of  the  ellipse  are  to  each  other  in  the  proportion  of  about  4  to  5,  and 
llie  opening  occupies  about  half  or  rather  more  than  half  the  diameter. 
The  oentral  vacuity  is  not  quite  dark,  but  is  filled  in  with  faint  nebula, 
like  a  gauze  stretched  over  a  hoop.  The  powerful  telescopes  of  Lord 
Boase  resolve  this  object  into  excessively  minute  stars,  and  show  filaments 
of  stars  adhering  to  its  edges.* 

(876.)  Flanetabt  nebulae  are  very  extraordinary  objects.  They 
have,  as  their  name  imports,  a  near,  in  some  instances,  a  pe^ect  resem- 
blance to  planets,  presenting  discs  round,  or  slightly  oval,  in  some  quite 
aharply  terminated,  in  others  a  little  hazy  or  softened  at  the  borders. 
Their  light  is  in  some  perfectly  equable,  in  others  mottled  and  of  a  very 
peooliar  texture^  as  if  curdled.  They  are  comparatively  rare  objects,  not 
above  four  or  five  and  twenty  having  been  hitherto  observed,  and  of  these 
nearly  three-fourths  are  situated  in  the  southern  hemisphere.  Being  very 
.interesting  objects,  we  subjoin  a  list  of  the  most  remarkable.'  Among 
Uiese  may  be  more  particularly  specified  the  sixth  in  order,  situated  in  the 
Cross.  Its  light  is  about  equal  to  that  of  a  star  of  the  6*7  magnitude, 
ite  diameter  about  12",  its  disc  circular  or  very  slightly  elliptic,  and  with 
a  clear,  sharp,  well-defined  outline,  having  exactly  the  appearance  of  a 
planet  with  the  exception  only  of  its  colour,  which  is  a  fine  and  full  bine 
verging  somewhat  upon  green.  And  it  is  not  a  little  remarkable  that  this 
pl^nomenon  of  a  blue  colour,  which  is  so  rare  among  stars  (except  when 
ia  the  immediate  proximity  of  yellow  stars)  occurs,  though  less  strikingly, 
in  three  other  objects  of  this  class,  viz.  in  No.  4,  whose  colour  is  sky-blue* 

*  The  places  of  the  annular  nebulae,  at  preaent  known  (for  1830)  are, 
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0UTLIKE3    OF   ASTROSOMT.                                                ^ 

i.  11   and  12,  where  tbe  tin!,  tbough  paler,  is  still  evident. 

1.  3,  5,  and  11  (the  latter  in  tbo  parallel  of  r  Aquarii,  and 
-eceding  that  eiar),  are  considerably  elliptic,  and  (respectively) 

30"  and  15'  in  diameter.  On  the  disc  of  No  3,  and  very 
le  centre  of  tbc  ellipse,  is  a  star  9-,  and  the  texture  of  ita  light, 
ty,  or  as  if  formed  of  fine  dust,  clearly  indicates  ite  resolTability 

The  largest  of  these  objects  ia  No.  5,  situated  somewlmt  aoutli 
:lel  of  a  Ursre  Majoris  and  about  12"  foUoiring  that  star.  Ite 
amctcr  is  2'  40",  which,  supposing  it  placed  at  a  diiituiiice  from 
i  than  that  of  61  Cygni,  would  imply  a  linear  one  seven  timea 

:rfeclly  equable  (except  just  at  the  edge  where  it  is  slightly 
ind  of  considerable  brigbtnesH.     Such  an  appearance  would  not 
d  by  a  globular  space  uniformly  filled  with  stars  or  luminous 
uh  structure  would  necessarily  give  rtic  to  an  apparent  increaM 
'ss  towards  the  centre  in  proportion  to  the  thickneaa  traversed 
al  ray.     We  might,  therefore,  be  induced  to  conclude  its  real 
I  to  be  cither  that  of  a  hollow  spherical  shell  or  of  a  flat  disc. 
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Mndoooa  spplioatum  of  the  iTDroensc  optical  powers  rcoeDtly  brought  to 
bev  on  the  heavenSi  will  probably  remove  some  portion  of  the  mystery 
vhich  at  pveaent  haags  about  these  enigmatical  objects. 

(878.)  Doable  nebolsB  occasionally  occur — and  when  such  is  the  cvsA, 
tiiQ  constitiieiits  most  commonly  belong  to  the  class  of  spherical  nebulae, 
and  an  ia  some  inatanoes  undoubtedly  globular  clusters.  .  All  the  varieties 
of  dooUe  atarSy  in  6et,  aa  to  distance,  position,  and  relative  brightness, 
hava  their  coanterpurtB  in  double  nebulco ;  besides  which  the  varieties  of 
tarn  and  gndatioa  of  light  in  the  latter  afford  room  for  combinations 
peeofiar  to  thia  daaa  of  objects.  Though  the  conclusive  evidence  of  ob- 
■Tfed  relative  motion  be* yet  wanting,  and  though  from  the  vast  scale  on 
whieh  jndi  ayatema  are  constructed,  and  the  probable  extreme  slowness 
of  the  angnlar  motioni  it  may  continue  for  ages  to  bo  so,  yet  it  is  impos- 
■Ue,  when  we  eeat  our  eyes  upon  such  objects,  or  on  the  figures  which 
have  been  given  of  them,*  to  doubt  their  physical  connexion.  The  argu- 
ment drawn  from  the  comparative  rarity  of  the  objects  in  proportion  to 
the  whole  extent  of  the  heavens,  so  cogent  in  the  case  of  the  double  stars, 
m  infinitely  more  so  in  that  of  the  double  nebula).  Nothing  more  magni- 
fiomt  can  be  presented  to  our  consideration,  than  such  combinations. 
Their  atapendona  scale,  the  multitude  of  individuals  they  involve,  the 
perfect  symmetry  and  regularity  which  many  of  them  present,  the  utter 
div^gaid  of  complication  in  thus  heaping  together  system  upon  system, 
and  oonatroetion  upon  construction,  leave  us  lost  in  wonder  and  admira- 
tion at  the  evidence  they  afford  of  infinite  power  and  unfathomable 
deaign. 

(879.)  Nebulas  of  regular  forma  often  stand  in  marked  and  symmetrical 
idation  to  stan,  both  single  and  double.  Thus  we  are  occasionally  pro- 
aented  with  the  beautiful  and  striking  phasnomenon  of  a  sharp  and  bril- 
liant atar  concentrically  surrounded  by  a  perfectly  circular  disc  or  atmo- 
q^here  of  £unt  light,  in  some  cases  dying  away  insensibly  on  all  sides,  in 
othera  almost  anddenly  terminated.  These  are  Nebulous  Stars.  Fine 
eiamplea  of  thia  kind  are  the  45th  and  69th  nebulae  of  Sir  Wm.  Her- 
lohel'a  fourth  daas"  (R.  A.  7^  19-  8%  N.  P.  D.  68^  45',  and  3»»  58-  36-, 

leie  then  ooald  it  do  so  if  spread  over  a  surface  many  million  times  exceeding  in  angular 
arM  the  ■ppareot  disc  of  the  central  sun  itself.  (See  Annuaire  du  Bureau  des  Longi- 
tudes. 1842,  p.  409,  410,  411.)  M.  Arago  i«  exprtuly  contending  for  reJUcted  light. 
If  the  euvelope  he  self-luminous,  his  reasoning  is  perfectly  sound. 

'  PhiL  Trans.,  1833,    PUte  vii. 

*  The  olsssos  here  referred  to  are  not  the  species  described  in  Art.  868,  but  lists  of 
nebahe,  eight  in  number,  arranged  according  to  brightness,  size,  density  of  clustering, 
fce.,  in  one  or  other  of  which  all  nebulae  were  originally  classed  by  him.  Class  I. 
eootaina  "  Bright  nebula  ;*'  II.  *'  Faint  do. ;"  III.  '*  Very  faint  do. ;"  IV.  "  Planetary 
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ri  wliicli  Blars  of  the  8lL  mflgnilude  are  surroonded  by  pbo»- 
(he  kind  above  described  respectively  of  12"  and  25"  in  dia- 

in  may  be  earned  as  exiiiblling  the  same  pbecDomenoa  with 
iney,  but  perhaps  with  lees  perfect  regularity, 
riie  cannciion  of  nebula?  iritb  double  ntats  is  in  many  instances 
remarkublo.     Thus  in  R.  A.  IS"  7-  1-,  N.  P.  D,  109°  56', 
lliptic  nebula  having  its  longer  aria  about  50",  in  which,  sytn- 
alnced,  and  rather  nearer  the  vertices  than  the  foci  of  the  ellipse, 

r  combination  noticed  by  M.  Stnive  (tn  R.  A.  18'  25-,  N.  P.  D. 
3  ataTH  are  unequal  and  situated  precisely  at  the  two  extrtmides 
or  axis.     In  R.  A.  13>  47-  33',  N.  P.  B.  129"  9',  an  oval 
2'  in  diameter  haa  very  near  its  centre  n  close  double  star,  the 
of  which,  elightly  une(|ual,  and  about  the  9-10  magnitude,  are 
than  2"  asunder.     The  nucleus  of  Meeaier'a  64lh  nebula  is 
iuspeeled"  to  be  a  close  double  star — and  Beveral  other  instances 
ited. 
\mong  the  nebui.x  which,  though  deviating  more  from  sym- 
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Nrnmnded  by  a  ring  at  a  considerable  distance  from  the  globe,  very  nne- 
qial  in  brightness  in  its  different  parts,  and  subdivided  through  about  two* 
fiftba  of  its  oireninferenoe  as  if  into  two  laminse,  one  of  which  appears 
as  if  turned  up  towards  the  eye  out  of  the  plane  of  the  rest.  Near  it 
(at  aboat  a  radina  of  the  ring  distant)  is  a  small  bright  round  nebula. 
Yiewed  through  the  ^-feet  reflector  of  Lord  Rosse  the  aspect  is  much 
altered.  The  interior,  or  what  appeared  the  upturned  portion  of  the  ring, 
iHOiiies  the  aspect  of  a  nebulous  ooil  or  convolution  tending  in  a  spiral 
fini  towards  the  centre,  and  a  general  tendency  to  a  spiroid  arrangement 
of  the  Btreaka  of  nebula  connecting  the  ring  and  central  mass  which  this 
pcnter  brings  into  view,  becomes  apparent,  and  forms  a  very  striking 
intBre.  The  oatljing  nebula  is  also  perceived  to  be  connected  by  a 
BSROir,  curved  band  of  nebulous  light  with  the  ring,  and  the  whole,  if 
Bot  elearly  resolved  into  stars,  has  a  '<  resolvable"  charact^^r  which  evi- 
dently indicalerits  composition.' 

(888.)  We  come  now  to  a  class  of  nebulae  of  totally  different  character. 
They  aae  of  a  very  great  extent,  utterly  devoid  of  all  symmetry  of  form, 
—  on  the  contrary,  irregular  and  capricious  in  their  shapes  and  convolu- 
tions to  a  most  extraordinary  degree,  and  no  less  so  in  the  distribution  of 
their  light.  No  two  of  them  can  be  said  to  present  any  similarity  of 
figore  or  aspect,  but  they  have  one  important  character  in  common. 
They  are  all  situated  in,  or  very  near,  the  borders  of  the  Milky  Way. 
The  moat  remote  from  it  is  that  in  the  sword  handle  of  Orion,  which 
being  20^  from  the  galactic  circle,  and  15^  from  the  visible  border  of  the 
Via  Lactea,  might  scorn  to  form  an  exception,  though  not  a  striking  one. 
Bat  thia  very  situation  may  bo  adduced  as  a  corroboration  of  the  general 
view  vrhich  this  principle  of  localization  suggests.  For  the  place  in  ques- 
tion ia  situated  in  the  prolongation  of  that  faint  offset  of  the  Milky  AVay 
which  we  traced  (Art.  787.)  from  a  and  f  Persei  towards  Aldebaran  and 
the  Hyades,  and  in  the  zone  of  Great  Stars  noticed  in  Art.  785.  as  an 
appendage  of,  and  probably  bearing  relation  to  that  stratum. 

(884.)  From  this  it  would  appear  to  follow,  almost  as  a  matter  of 
course,  that  they  must  be  regarded  as  outlying,  very  distant,  and  as  it 
were  detached  fragments  of  the  great  stratum  of  the  Galaxy,  and  this 
view  of  the  subject  is  strengthened  when  we  find  on  mapping  down  their 
places  that  they  may  all  be  grouped  in  four  great  masses  or  nebulous 
regions,  —  that  of  Orion,  of  Argo,  of  Sagittarius,  and  of  Cygnus.  And 
thus,  inductively,  we  may  gather  some  information  respecting  the  struc- 

'  This  description  is  from  the  rcrollcctum  of  a  sketch  exhibited  by  his  Lordship  at 
the  British  Association.  Every  astronomer  must  long  for  the  publication  of  his  own 
■eooant  of  the  wonders  disclosed  by  this  magnificent  instrument. 
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jnn  of  the  Gaksy  itself,  which,  could  wo  view  it  as  a  whole,     ' 
inco  Buch  as  tbut  whiuh  separales  us  from  these  objects,  would     i 
lly  present  iUcif  under  aa  aspect  quite  as  compliculed  and 

"be  great  nebula  surrounding  the  stors  marked  S  1  in  the  sword 

^■urcd   uud   dceciibed  by  asironomera  since   that  time.     Ita 
varies  greatly  (as  that  of  all  nebulous  objects  does)  with  the     | 
j1  power  applied,  so  that  it  is  difficult  to  recognize  in  represent- 
io   with    inferior    telescopes,   even    principal   features,   to    b^ 
subordinate  details.     Until  this  became  well  understood,  it 
ed  to  have  changed  very  materially,  both  in  form  and  eitent, 
interval  elapsed  since  its  first  discovery.     No  doubt,  however, 
IS  that  these  supposed  changes  have  originated  partly  from  ths 
e- mentioned,  partly  from  the  difficulty  of  correctly  drawing, 
nore,  engraving  such  objects,  and  partly  from  a  want  of  soffi- 

-  reiiUy  did  see.     Our  figure  (Plato  IV., /-,.  1,)  is  reduced 
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•ehromatio  at  Cambridge,  U.  S.,  is  evidently  perceived  to  consitrt  of  clus- 
teiDg  Btan.  There  can  therefore  be  little  doubt  as  to  the  whole  consist- 
ing of  atarsy  too  minute  to  be  discerned  individually  even  with  these 
IHiwerful  aida,  bat  which  become  visible  as  points  of  light  when  closely 
adjacent  in  the  mora  orowded  parts  in  the  mode  already  more  than  once 


f886.)  The  nebula  is  not  confined  to  the  limits  of  our  figure.  North- 
waid  of  $  aboat  83',  and  nearly  on  the  same  meridian  arc  two  stars 
Buurked  G  1  and  G  2  Orionis,  involved  in  a  bright  and  branching  nebula 
of  Tery  singular  form,  and  south  of  it  is  the  star  «  Ononis,  which  is  also 
involvied  in  strong  nebula.  Gareful  examination  with  powerful  telescopes 
haa  traced  out  a  continuity  of  nebulous  light  between  the  great  nebula 
tttd  both  theae  objeota,  and  there  can  be  little  doubt  that  the  nebulous 
region  extends  northwards,  as  far  as  c  in  the  belt  of  Onon,  which  is  in- 
volved  in  strong  nebulosity,  as  well  as  several  smaller  stars  in  the  immedi- 
ate neighbourhood.  Professor  Bond  has  given  a  beautiful  figure  of  the 
gnat  nebula  in  Tnns.  American  Acad,  of  Arts  and  Sciences,  new  series, 
Tol.  ill. 

(887.)  The  remarkable  variation  in  lustre  of  the  bright  star  tj  in  Argo, 
has  been  already  mentioned.  Thb  star  is  situated  in  the  most  condensed 
nguon  of  a  very  extensive  nebula  or  congeries  of  nebular  masses,  streaks 
and*branohe8,  a  portion  of  which  is  represented  in  fig.  2,  Plate  IV.  The 
whole  nebula  ia  spread  over  an  area  of  fully  a  square  degree  in  extent, 
of  which  that  included  in  the  figure  occupies  about  one-fourth,  that  is  to 
My,  28'  in  polar  distance,  and  82'  of  arc  in  R.  A.,  the  portion  not  in- 
dnded  being,  though  £unter,  even  more  capriciously  contorted  than  that 
here  depicted,  in  which  it  should  be  observed  that  the  preceding  side  is 
towards  the  right  hand,  and  the  southern  uppermost.  Viewed  with  an 
18-ineh  reflector,  no  part  of  this  strange  object  shows  any  sign  of  resolu- 
tion into  stars,  nor  in  the  brightest  and  most  condensed  portion  adjacent 
to  the  singular  oval  vacancy  in  the  middle  of  the  figure  is  there  any  of 
that  curdled  appearance,  or  that  tendency  to  break  up  into  bright  knots 
with  intervening  darker  portions  which  characterize  the  nebula  of  Orion, 
and  indicate  its  resolvability.  The  whole  is  situated  in  a  very  rich  and 
brilliant  part  of  the  Milky  Way,  so  thickly  strewed  with  stars  (omitted 
in  the  figure),  that  in  the  area  occupied  by  the  nebula,  not  less  than  1200 
have  been  actually  counted,  and  their  places  in  II.  A.  and  P.  D.  deter- 
mined. Yet  it  is  obvious  that  these  have  no  connexion  whatever  with 
the  nebula,  being,  in  fact,  only  a  simple  continuation  over  it  of  the  general 
ground  of  the  galaxy,  which  on  an  average  of  two  hours  in  Right  Ascen- 
sion in  this  period  of  its  course,  contains  no  less  than  3138  stars  to  the 
88 
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Belmla  does  not,  as  in  the  region  of  Orion,  show  any  tendency  to  congre- 
gate about  the  stars. 

(890.)  The  19th  nebula  of  Messier's  Catalogue,  though  some  degrees 
nmote  from  the  others,  evidently  belongs  to  this  group.  Its  form  is  very 
remariuble,  consisting  of  two  loops  like  capital  Greek  Omegas,  the  one 
bright)  the  other  exceedingly  faint,  connected  at  their  bases  by  a  broad 
and  Tery  bright  band  of  nebula,  insulated  within  which  by  a  narrow 
comparatively  obscure  border,  stands  a  bright,  resolvable  knot,  or  what  is 
probably  a  cluster  of  exceedingly  minute  stars.  A  very  faint  round  nebula 
stands  in  connexion  with  the  upper  or  convex  portion  of  the  brighter  loop. 

(891.)  The  nebulous  group  of  Cygnus  consists  of  several  large  and 
irregular  nebnlao,  one  of  which  passes  through  the  double  star  k  Cygni, 
as  a  long,  crooked  narrow  streak,  forking  out  in  two  or  three  places.  The 
othersi^  observed  in  the  first  instance  by  Sir  W.  Herschel  and  by  the 
anthor  of  this  work  as  separate  nebulas,  have  been  traced  into  connexion 
bj  Mr.  Mason,  and  shown  to  form  part  of  a  curious  and  intricate  nebulous 
system,  conosting,  1st,  of  a  long,  narrow,  curved,  and  forked  streak,  and 
2dly,  of  a  cellular  effusion  of  great  extent,  in  which  the  nebula  occurs 
intermixed  with,  and  adhering  to  stars  around  the  borders  of  the  cells, 
while  their  interior  is  free  from  nebula,  and  almost  so  from  stars. 

(802.)  The  Magellanic  clouds,  or  the  nubeculss  (major  and  minor,)  as 
they  are  called  in  the  celestial  maps  and  charts,  are,  as  their  name  imports, 
two  nebnlons  or  cloudy  masses  of  light,  conspicuously  visible  to  the  naked 
eye,  in  the  southern  hemisphere,  in  the  appearance  and  brightness  of  their 
light  not  unlike  portions  of  the  Milky  Way  of  the  same  apparent  sisc. 
They  are,  generally  speaking,  round,  or  somewhat  oval,  and  the  larger,  which 
deviates  most  from  the  circular  form,  exhibits  the  appearance  of  an  axis 
of  light,  very  ill  defined,  and  by  no  means  strongly  distinguished  from  the 
general  mass,  which  seems  to  open  out  at  its  extremities  into  somewhat  oval 
sweeps,  constituting  the  preceding  and  following  portions  of  its  circumference. 
A  small  patch,  visibly  brighter  than  the  general  light  around,  in  its  follow- 
ing part,  indicates  to  the  naked  eye  the  situation  of  a. very  remarkable 
nebula  (No.  30  DoradOs  of  Bode's  catalogue,)  of  which  more  hereafter. 
The  greater  nubecula  is  situated  between  the  meridians  of  4^  40'"  and  6^ 
O*"  and  the  parallels  of  156^  and  162^  of  N.P.D.,  and  occupies  an  area 
of  about  42  square  degrees.  The  lesser,  between  the  meridians'  0'  28" 
and  V"  15"  and  the  parallels  of  162°  and  165°  N.P.D.  covers  about  ten 
square  degrees.  Their  degree  of  brightness  may  be  judged  of  from  the 
effect  of  strong  moonlight,  which  totally  obliterates  the  lesser,  but  not 
quite  the  greater. 

•  R.A.  20^49- 20*,  N.P.D.  SB®  27'. 

*  It  is  laid  down  nearly  an  hoar  wrong  in  all  the  celestial  charts  and  globea. 
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When  BKBtnined  through  powerful  telesoopei,  the  coostitulion 
eculaj,  and  especially  of  ibe  nubecula  major,  b  found  lo  be  of 
;  complexilj.      The  general  ground  of  both  consiate  of  large 

!  with  18  inches  of  reflecling  aperture, ;ip  to' perfectly  separated 

to  come  under  the  designatioD  of  irroguliir,  and  in  some  caaea 
cluatera.     But  besides  those,  there  are  also  nebulae  in  ubun- 
h  regular  and  irregular;  globular  clusters  in  every  alate  of 

i  no  analogue  in  any  other  region  of  the  heavens,     Sacb  ia  ihe 
ou  of  these  objects,  that  in  the  area  occupied  by  the  nubeeula 
fewer  than  273  nebuls  and  clusters  have  been  enumenited, 
or  60  outliers,  which  (considering  the  general  bwrenneaa  in 
■ta  of  the  immediate  neighbourhood)  onght  certainly  to   be 

1  the  average  of  any  other,  even  the  most  crowded  parts  of  the 
leavena.     In  the  nubecuk  miuor,  the  concenlration  of  such 
ess,  though  still  very  striking,  37  having  been  observed  within 
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lOkh  to  such  as  by  iheir  multitude  and  minuteness  constitute  irresoWable 
Bebolonty,  extending  over  tracts  of  many  square  degrees.  Were  there 
but  one  inch  object,  it  might  be  maintained  without  utter  improbability 
thai  its  apparent  sphericity  is  only  an  effect  of  foreshortening,  and  that  in 
reality  a  much  greater  proportional  difference  of  distance  between  its 
nearer  and  more  remote  parts  ezbts.  But  such  an  adjustment,  improba- 
bk  enough  in  one  case,  must  be  rejected  as  too  much  so  for  fair  argument 
in  two.  It  moat)  therefore,  be  taken  as  a  demonstrated  fact,  that  stars  of 
&e  7th  or  8th  magnitude  and  irresolviible  nebula  may  co-exist  within 
limits  of  diatanoe  not  differing  in  proportion  more  than  as  9  to  10,  a  con- 
duaion  which  must  inspire  some  degree  of  caution  in  admitting,  cu  certain, 
many  of  the  oon^nences  which  have  been,  rather  strongly  dwelt  upon  in 
the  foregoing  pages. 

(895.)  Immediately  preceding  the  centre  of  the  nubecula  minor,  and 
nndoubtedly  belonging  to  the  same  group,  occurs  the  superb  globular 
ehuteTy  Na  47,  Toucani  of  Bode,  very  visible  to  the  naked  eye,  and  one 
of  the  finest  objects  of  this  kind  in  the  heavens.  It  consists  of  a  very 
eondensedi  apherical  mass  of  stars,  o/a  pale  rose-colour,  concentrically 
enoloacd  in  a  much  less  condensed  globe  of  white  ones,  15'  or  2(K  in 
diameter.  .  This  is  the  first  in  order  of  the  list  of  such  dusters  in 
Art  867. 

(896.)  Within  the  nubecula  major,  as  already  mentioned,  and  faintly 
visible  to  the  naked  eye,  is  the  singular  nebu]a  (marked  as  the  star  30 
Doradib  in  Bode's  Catalogue)  noticed  by  Lacaille  as  resembling  the  nu- 
deua  of  a  amall  comet.  It  occupies  about  one-500th  part  of  the  whole 
area  of  the  nubecula,  and  is  so  satis&ctorily  represented  in  plate  Y.,  fig.  1, 
aa  to  render  further  description  superfluous. 

(897.)  We  shall  conclude  this  chapter  by  the  mention  of  two  phmno- 
mena,  which  seem  to  indicate  the  existence  of  some  slight  degree  of  nebu- 
losity about  the  sun  itself,  and  even  to  place  it  in  the  list  of  nebulous 
Btars.  The  first  is  that  called  the  zodiacal  light,  which  may  be  seen  any 
Tery  dear  evening,  soon  after  sunset,  about  the  months  of  March,  April, 
and  May;  or  at  the  opposite  seasons  before  sunrise,  as  a  cone  or  lenticu- 
larly-flhaped  light,  extending  from  the  horizon  obliquely  upwards,  and 
following  generally  the  course  of  the  ecliptic,  or  rather  that  of  the  sun's 
equator.  The  apparent  angular  distance  of  its  vertex  from  the  sun  varies, 
according  to  dreumstances,  from  40^  to  00®,  and  the  breadth  of  its  base 
perpendicular  to  its  axis  from  8®  to  30®.  It  is  extremely  faint  and  ill 
defined,  at  least  in  this  climate,  though  better  seen  in  tropical  regions,  but 
cannot  bo  mistaken  for  any  atmospheric  meteor  or  aurora  borealis.  It  is 
manifestly  in  the  nature  of  a  lenticularly-formed  envelope,  surrounding 
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nd  extending  beyond  the  orbits  of  Mercury  and  Veoiu,  and 
haps  quite,  attaioing  thlil  of  Ibc  earth,  since  its  verte*  has  been 
^0°  from  the  sun's  place  in  a  great  circle.     It  may  be  conjeo- 
>e  no  other  than  the  denser  part  of  that  medium,  nbicb,  we 
■  resison  to  balieve,  resists  tbe  motion  of  comets;  loaded,  per- 

1.     An  almoKphere  of  the  sun,  in  any  proper  sense  of  the  word, 
e,  since  the  eiisteneo'of  a  gaseous  envelope  propagating  pres- 
part  tfl  part;  subject  to  mutual  friction  in  ita  strata,  and  there- 
ig  in  the  same  or  nearly  the  same  time  with  the  central  body, 
h  dimensions  and  ellipticity,  is  utterly  incompatible  with  dyna- 
If  its  particles  Lave  inertia,  they  must  necesEarily  stand  with 
the  snn  in  the  relation  of  separate  and  independent  nuDute 
ch  having  its  own  orbit,  plane  of  motion,  and  periodic  lime. 
mass  being  almost  nothing  compared  lo  that  of  the  sun,  mutual 
'on  is  out  of  the  question,  though  collmi/ii>  among  soch  as  may 
other's  paths  may  operate  in  the  course  of  indeSnite  ages  to 
jsideneo  of  at  least  some  portion  of  it  into  the  body  of  the  sun 
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into  frugmeDti  ot  a  luge  fiery  globe  over  a  region  of  twenty  or  thirty 
•qnara  miles  annmd  the  town  of  L'Aigle,  in  Normandy.  The  fact  occurred 
li  mid-day^  and  the  eireamstances  were  officially  yerified  by  a  commiaBion 
of  the  IWooh  gofemment'  These,  and  innumerable  other  instances,' 
hHj  estaUiah  the  general  fiust;  and  after  yain  attempts  to  account  for  it 
ty  volfluic  prqjeetioni  either  from  the  earth  or  the  moon,  the  planetary 
aatnie  of  these  bodies  seems  at  length  to  be  almost  generally  admitted. 
The  heat  wbieh  they  possess  when  fallen,  the  igneous  pbssnomena  which 
Msonpany  them,  thdr  explosion  on  arriving  within  the  denser  regions  of 
onr  ntBUMphere,  Ac.,  are  all  sufficiently  accounted  for  on  physical  princi- 
plsSy  by  the  condensation  of  the  air  before  them  in  consequence  of  their 
Monnaas  veloQity,  and  by  the  relations  of  air  in  a  highly  attenuated  state 
loheai.9 

(899.)  Besides  stony  and  metallic  masses,  however,  it  is  probable  that 
bodies  of  very  difierent  natures,  or  at  least  states  of  aggregation,  are  thus 
ciiealating  round  the  sun.  Shooting  stars,  often  followed  by  long  trains 
ef  Sghty  and  those  great  fiery  globes,  of  more  rare,  but  not  very  uncommon 
oeeonrence,  which  are  seen  traversing  tbo  upper  regions  of  our  atmosphere, 
sometinies  leaving  trains  behind  them,  remaining  for  many  minutes,  some- 
tones  bursting  with  a  loud  explosion,  sometimes  becoming  quietly  extinct, 
Bay  not  unreasonably  be  presumed  to  bo  bodies  extraneous  to  our  planet, 
which  only  beoome  visible  when  in  the  act  of  grazing  the  confines  of  our 
stmosphere.  Among  the  last  mentioned  meteors  are  some  which  can 
hsidly  be  supposed  solid  masses.  The  remarkable  meteor  of  Aug.  18, 
1783|  traversed  the  whole  of  Europe,  from  Shetland  to  Home,  with  a 
veloei^  of  about  80  miles  per  secgnd,  at  a  height  of  50  miles  from  the 
aorfiue  of  the  earth,  with  a  light  greatly  surpassing  that  of  the  full  moon, 
and  a  real  diameter  of  fully  half  a  mile.  Yet  with  these  vast  dimensions, 
it  changed  its  form  visibly,  and  at  length  quietly  separated  into  several 
disdnet  bodies,  aooompanying  each  other  in  parallel  courses,  and  each  fol- 
lowed by  a  tail  or  train. 

(900.)  There  are  circumstances  in  the  history  of  shooting  stars,  which 
very  strongly  corroborate  the  idea  of  their  extraneous  or  cosmtcal  origin, 
and  their  circulation  round  the  sun  in  definite  orbits.  On  several  occa- 
nons  they  have  beetf  observed  to  appear  in  unusual,  and,  indeed,  astonisl^ 

■  See  M.  Biot's  report  in  M^m.  de  Tlnstitut.  1806. 

*  See  a  list  of  npwarda  of  900,  published  by  Chladni,  Annales  du  Bureau  des  Lon- 
fitndee  de  France,  1825. 

*  Edinburgh  Review,  Jan.  1848,  p.  195.  It  is  very  remarkable  that  no  new  chemical 
clement  has  been  detected  in  any  of  the  numerous  meteoroUtes  which  ha? e  been  sub- 
jected to  analysis. 
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■8,  80  as  to  conrey  the  idea  of  a  shower  of  rocltetB,  or  of  buoit- 
ig,  and  brilliandy  illaminBting  tlie  whole  heavens  for  Loura 

uarkable  that,  whenever  this  great  display  has  been   exhibited 
modern  timca),  it  has  uoifonnly  happeaod  on  the  night  be- 
12lh  and  13tb,  or  on  that  between  the  13th  and  14th  of  No- 
5ueh  cases  occurred  in  1799,  18si3,  1832,  1833,  and  1834. 

y  adjaoent,  have  been,  time  out  of  mind,  habitually  pignaliied 
hibiliona.  Another  annually  recurring  epoch,  tn  which,  though 
lliant,  the  display  of  meti^ors  i»  more  certain  (for  thA  of  No- 
)ften  interrupted  for  a  great  many  years),  is  that  of  the  lOtk 
.  on  which  night,  and  on  the  9th  and  lltb,  numerons,  large, 
shooting  stars,  with  trains,  are  almost  sure  to  be  Been.     Other 
■criodic  rocurrenco,  less  marked  than  the  above,  have  also  been 
1  extent  established, 
[t  is  impossible  tn  attribute  sui-h  a  recurrence  of  identical  dates 
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to  its  eut  and  wast  points  may  be  at  the  time  of  observation,  the  paths 
of  tka  meteora  all  appear  to  diverge  from  that  star.  On  the  9th — llth 
of  Aagnst  the  geometrical  fact  is  the  same,  the  apex  only  differing;  B 
OuMlopaidali  being  for  that  epoch  the  point  of  divergence.  As  wc  need 
lat  aiypoee  the  meteoric  ring  coincident  in  its  plane  with  the  ecliptic, 
•sd  as  lor  a  rwg  of  meteors  we  may  substitute  an  elliptic  annulus  of  any 
ible  exeentricity,  so  that  both  the  velocity  and  direction  of  each 
Dwy  difo  to  any  extent  from  the  earth's,  there  is  nothing  in  tho 
gnaA  aod  obriona  diffierenoe  tn  latitude  of  these  apices  at  all  militating 
^gmst  the  eonelnsiop. 

(908.)  If  the  sMteors  be  uniformly  distributed  in  such  a  ring  or  ellip- 
tis  iBiraliiSy  the  earth's  encounter  with  them  in  every  revolution  will  bo 
ontsiiiy  if  it  oocnr  once.  But  if  the  ring  be  broken,  if  it  be  a  succession 
of  gnope  rsvolving  in  an  ellipse  in  a  period  not  identical  with  that  of  tho 
earth,  years  may  pass  without  a  rencontre ;  and  when  such  happen,  they 
nay  differ  to  any  extent  in  their  intensity  of  character,  according  as  richer 
or  poorer  groups  have  been  encountered. 

(904.)  No  other  plausible  explanation  of  these  highly  characteristic 
features  (the  annual  periodicity,  and  divergence  from  a  common  apex, 
oImx^  aiike/or  each  retpectioe  eporli)  have  been  even  attempted,  and  ac- 
cordingly the  opinion  is  generally  gaining  ground  among  astronomers  that 
shooting  stars  belong  to  their  department  of  science,  and  great  interest  is 
exdted  in  their  observation  and  the  further  development  of  their  laws. 
The  most  connected  and  systematic  series  of  observations  of  them,  having 
for  their  object  to  trace  out  their  relative  paths  with  respect  to  the  earth, 
srs  those  of  Benzenberg  and  Brandes,  who,  by  noting  the  instants  and 
apparent  places  of  appearance  and  extinction,  as  well  as  the  precise  appa- 
rent paths  among  the  stars,  of  individual  meteors,  from  the  extremities 
of  a  measured  base  line  nearly  50,000  feet  in  length,  were  led  to  con- 
dade  that  their  heights  at  the  instant  of  their  appearance  and  disappear- 
aooe  Tary  from  16  miles  to  140,  and  their  relative  velocities  from  18  to 
86  miles  per  second,  velocities  so  great  as  clearly  to  indicate  an  indepen- 
dent planetary  circulation  round  the  sun.  [A  "^qtj  remarkable  meteor 
or  bolide,  which  appeared  on  the  10th  August,  1847,  was  observed  at 
Dieppe  and  at  Paris,  with  sufficient  precision  to  admit  of  calculation  of  the 
elements  of  its  orbit  in  absolute  space.  This  calculation  has  been  per- 
formed by  M.  Petit,  director  of  the  observatory  of  Toulouse,  and  the  fol- 
lowing hyperbolic  elements  of  its  orbit  round  the  sun  are  stated  by  him 
(Astr.  Nachr.  701)  as  its  result;  viz.,  Semimajor  axis  =  —  0*3240083; 
exoentricity  =  3-95130 ;  perihelion  distance  s=  0*95626 ;  inclination  to 
plane  of  the  earth's  equator,  18^  20^  18";  ascending  node  on  the  same 
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34'  48";  motion  direct.     According  to  this  calculation,  the 
i  have  occupied  uo  less  tlian  37340  yeara  in  travelling  from  the 

[t  ia  hy  no  means  inconceivable  that  the  earth  approaching  to 
fir  but  little  from  it  in  direction  and  veiooity,  may  have  at- 
}y  of  them  to  it  sa  permanent  satellites,  and  of  these  there  may 
<  large,  and  of  such  texture  and  solidity,  as  to  shine  by  reflected 
become  visible  (such,  at  least,  us  are  very  near  the  earth)  for  a 
ent,  suffering  eilinctioa  by  plunging  into  the  earth's  shadow; 
irds  undergoing  total  eclipse.     Sir  John  Lubboclc  is  of  opiuioo 
8  ibe  case,  and  has  given  geometrical  formula  for  calculating 

d  lead  us  to  believe  io  the  existence  of  at  least  one  BUch  body, 
■ound  the  earth,  as  a  satellite,  in  about  3  hours  20  minutes,  and 
t  a  distance  equal  to  2-513  radii  of  the  earth  from  its  centre,  " 
ilea  above  its  surface.' 

■  Phil.  Msg.  Loud.  Ed.  Dub.  18<8,  p.  80. 

'  Coinpi»  Rendus,  Oct.  12,  1846,  nnd  Aag.  9,  1847. 
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PART  IV. 

or    THE    ACCOUNT    OP    TIME. 
CHAPTER  XVIIL 

lATUKAL  UNITS  OF  TIMS. — ^RELATION  OF  THE  SIDEREAL  TO  THE  SOLAR 
DAT  AFFBCTKD  BT  PRECESSION. — INCOMMENSURABILITY  OF  THE  DAY 
ANB  TXAR^ — ITS  INCONVENIENCE. —  HOW  OBVIATED. — THE  JULIAN 
CALENDAR.  —  IRRSOULARITIE8  AT  ITS  FIRST  INTRODUCTION.  —  RE- 
rORMKD  BT  AUGUSTUS.  —  GREGORIAN  REFORMATION.  —  SOLAR  AND 
LUNAR  CYCLES.  —  INDICTION. — ^JULIAN  PERIOD. — TABLE  OF  CHRO- 
NOLOQIOAL  ERAS.  —  RULES  FOR  CALCULATING  THE  DAYS  ELAPSED 
BETWXXN  GIVEN  DATES.  —  EQUINOCTIAL  TIME. 


(906.)  TiBfXy  like  distanoe,  may  be  measured  by  comparison  with  stan- 
duds  of  any  lengthy  and  all  that  is  requisite  for  ascertaining  correctly  the 
kogth  of  any  interval^  is  to  be  able  to  apply  the  standard  to  the  interval 
throaglioat  its  whole  extent,  without  overlapping  on  the  one  hand,  or 
leaving  nnmeasored  vacancies  on  the  other;  to  determine,  without  the 
poarible  error  of  a  nnit,  the  number  of  integer  standards  which  the  inter- 
val admits  of  being  interposed  between  its  beginning  and  end ;  and  to 
estimate  precisely  the  fraction,  over  and  above  an  integer,  which  remains 
when  all  the  fossible  integers  are  subtracted. 

(907.)  But  though  all  standard  units  of  time  are  equally  possible,  the- 
orefeieally  speaking,  yet  all  are  not,  practically,  equally  convenient.  The 
solar  day  is  a  natural  interval  which  the  wants  and  occupations  of  man  in 
every  state  of  society  force  upon  him,  and  compel  him  to  adopt  as  his 
fimdamental  unit  of  time.  Its  length  as  estimated  from  the  departure 
of  the  son  from  a  given  meridian,  and  its  next  return  to  the  same,  is  sub- , 
jeet,  it  is  true,  to  an  annual  fluctuation  in  excess  and  defect  of  its  mean 
vmlve,  amounting  at  its  maximum  to  full  half  a  minute.  But  except  for 
astronomical  purposes,  this  is  too  small  a  change  to  interfere  in  the  slight- 
est degree  with  its  nse^  or  to  attract  any  attention;  and  the  tacit  substitu- 
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:  mean  for  its  true  (or  Tarinblc)  value  may  be  cODsider^|^| 
en  mode  from  the  earliest  ages,  b;  the  ignorance  of  mul^H 

The  lime  occupied  by  one  complete  rotatioQ  of  the  earth  on  Ittl 
le  mean'  siJereal  duj',  niny  be  shown,  on  dynamieol  principles,  to  1 
;  to  no  voriatiou  from  any  external  cause,  and  although  its  don-  1 
d  be  ebortcned  hy  contraction  in  the  dimensions  of  the  globe  i 
li  as  might  arise  from  the  gradual  escape  of  its  internal  heat, 
queni  rcfrigcrulioa  and  shrinking  of  the  whole  mass,  yet  theory,    . 
■■  hand,  haa  rendered  it  almost  cert^n  that  this  cause  cannot  hive  | 
ly  perceptible  amount  of  change  during  the  history  of  the  humwi  | 
,  on  the  other,  the  comparison  of  ancient  and  modern  ob«ervK-   | 
■ds  every  corroboration  to  thb  conclusion.     From  such  eompari-    i 
!aee  baa  concluded  that  the  eidoroal  day  has  not  changed  by  M    ■ 
me  hundredth  of  a  second  since  the  time  of  Eipparehus,     The 
real  day  therefore  possesses  in  perfection  the  essential  (jualily  of 
1  unit,  thftt  of  complete  tiivariabtlit;/.     The  same  is  true  of  the 
real  year,  if  estimated  upon  an  average  sufficiently  large  to  com- 
ic minat«  fluctuations  arising  from  the  periodical  variations  of  the 
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ABC  Si  Left  S  be  ft  star  ftnjwhere  situated  on  the  ecliptic,  at 
it  and  the  small  cirde  Vqr.  Then  if  the  pole  P  were  at  rest,  a 
of  Ilie  eaith  aetdng  out  from  P  S  C,  and  revolving  in  the  direo- 
C  Dy  will  come  again  to  the  star  after  the  exact  lapse  of  one  sidereal 
it^f  at  mM  rotatkm  of  the  earth  on  its  axis.  But  P  is  not  at  rest.  After 
Urn  kfM  at  CM  aoek  daj  it  will  have  come  into  the  situation  (suppose) 
ji^  Iha  Tenal  eqohiox  B  having  retreated  to  b,  and  the  colure  P  C  having 
Hkn  ttp  tlM  new  position  jp  &  Now  a  conical  movement  impressed  on 
As  iris  of  ntetion  of  a  globe  already  rotating  is  equivalent  to  a  rotation 
{■fHsnd  on  the  whok  globe  round  the  axis  of  the  oone,  in  addition  to 
that  whisk  tba  |^be  baa  and  retains  round  its  own  independent  axis  of 
mfoktion.  Bndi  a  new  rotation,  in  transferring  P  to^,  being  performed 
lonid  sn  axis  pasring  through  ft,  will  not  alter  the  situation  of  that  point 
of  the  (^obe  which  has  ft  in  its  zenith.  Hence  it  follows  that  pftc  pass- 
ing ihroogh  ft  wSl  be  the  position  taken  up  bj  the  pieridian  VnG  aflcr 
tbe  lapse  of  an  exact  sidereal  day.  But  this  does  not  pass  through  S,>but 
&Il8  short  of  it  by  the  hour-angle  ftp  8,  which  is  yet  to  bo  described 
befioie  the  meridian  oomes  up  to  the  star.  The  meridian,  then,  has  lost 
so  nraoh  on,  or  lagged  so  much  behind,  the  star  in  the  lapse  of  that  in- 
lervnL  The  same  is  true  whatever  be  the  arc  Pj?.  After  the  lapse  of 
any  number  of  days,  the  pole  being  transferred  to  p,  the  spherical  angle 
MpB  will  veasnre  the  total  hourangle  which  the  meridian  has  lost  on  die 
alsr.  Now  where  8  lies  any  where  between  C  and  r,  this  angle  con- 
lanally  ineresses  (thoogh  not  uniformly),  attaining  180^  when  p  comes 
to*r|  sad  still  (as  wil^  appear  by  following  out  the  movement  beyond  r) 
iMnanig  tiMDoa  till  it  attains  860^  when  p  has  eompleted  its  eirouit 
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vhieh  is  the  imtio  of  the  soUir  to  the  sidereal  day  actaallj  in  use  among 
artronomen. 

(912.)  It  would  be  well  for  chronology  if  mankind  would,  or  could 
hue  ooDtented  themseWes  with  this  one  invariable,  natural,  and  conve- 
nent  iluidmrd  in  their  reckoning  of  time.  The>  ancient  Egyptians  did 
n^  aod  by  their  adt^on  of  an  historical  and  official  year  of  365  days 
hne  affbided  the  only  example  of  a  practical  chronology,  frc^  from  all 
obsonrity  or  oomplieation.  But  the  return  of  the  seasons,  on  which  de- 
pnd  all  the  move  important  arrangements  and  business  of  cultivated  life, 
il  mat  eonfoniiAbe  to  soch  a  multiple  of  the  diurnal  unit.  Their  return 
ii  legolated  by  the  tropical  year,  or  the  interval  between  two  successive 
urirab  of  the  eon  at  the  vernal  equinox,  which,  as  we  have  seen  (Art. 
KS),  difierB  from  the  sidereal  year  by  reason  of  the  motion  of  the  equi- 
MWtidL  points.  Now  this  motion  is  not  absolutely  uniform,  because  the 
idSptiey  upon  which  it  is  estimated,  is  gradually,  though  very  slowly, 
ehmigiog  its  sitoation  in  space  under  the  disturbing  influence  of  the  planets 
(AH,  640.)  And  thus  arises  a  variation  in  the  tropical  year,  which  is  de- 
pendeiit  on  the  place  of  the  equinox  (Art.  883.)  The  tropical  year  is 
aetnally  abont  4-21*  shorter  than  it  was  in  the  time  of  Hipparchus.  This 
abaenee  of  the  most  essential  requisite  for  a  standard,  viz.  invariability, 
leoden  it  neeessary,  since, we  cannot  help  employing  the  tropical  year  in 
'reckofning  of  time,  to  adopt  an  arbitrary  or  artificial  value  for  it,  so 
the  tmthj  as  not  to  admit  of  the  accumulation  of  its  error  for  several 
eatoriea  producing  any  practical  mischief,  and  thus  satisfying  the  ordi- 
■siy  wants  of  civil  life;  while,  for  scientific  purposes,  the  tropical  year, 
10  adopted,  ia  considered  only  as  the  representative  of  a  certain  number 
ef  integer  days  and  a  fraction — ^the  day  being,  in  effect,  the  only  standard 
employed.  The  case  is  nearly  analogous  to  the  reckoning  of  value  by 
guineas  and  shillings,  an  artificial  relation  of  the  two  coins  being  fixed  by 
kwy  near  to,  bat  scarcely  ever  exactly  coincident  with,  the  natural  one, 
determined  by  the  relative  market  price  of  gold  and  silver,  of  which 
dther  the  one  or  the  other  —  whichever  is  really  the  most  invariable,  or 
the  most  in  ose  with  other  nations,  —  may  be  assumed  as  the  true  theo- 
retical standard  of  value. 

(913.)  The  other  inconvenience  of  the  tropical  year  as  a  greater  unit 
is  its  incommensurability  with  the  lesser.  In  our  measure  of  space  all 
onr  subdivisions  are  into  aliquot  parts :  a  yard  is  threo  feet,  a  mile  eight 
forlongs,  &0.  But  a  year  is  no  exact  number  of  days,  nor  an  integer 
number  with  any  exact  fraction,  as  one  third  or  one  fourth,  over  and  above ; 
but  the  surplus  is  an  incommensurable  fraction,  composed  of  hours, 
aunutesy  aeeonds,  Ac,  which  produces  the  same  kind  of  inconvenience  in 
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sning  of  timo  ihat  it  wnuld  do  in  that  of  monej,  if  we  W 
)f  the  value  of  twenty-one  shillings,  with  odd  pence  and  &P- 

a  fraction  of  a  fartliing  over.     For  thia,  however,  there  is  do    , 
:  to  keep  a  atriut  register  of  the  surplus  fractions;  and,  when 
it  to  a  whole  day,  caat  them  over  into  the  integer  accoant. 
7o  do  this  in  the  simplest  and  moat  oonvcnient  manner  is  tlie     < 

well-odjusled  calendar.     In  tbo  Gregorian  calendar,  which  we 
1  accomplished  with  as  mucfi  simplicity  and  neotnesa  as  the 
,  by  carrying  a  little  farther  than  is  done  aboTi!,  the  principU 
ned  or  artificial  year,  and  adopting  lico  such  years,  both  con- 
,0  eiact  integer  number  of  days,  viz.  one  of  365  and  the  othn 

lich  these  years  shall  succeed  each  other  in  the  civil  reckoning 
that  during  the  lapse  of  at  least  some  thousands  of  years  the 
integer  artificial,  or  Gregorian,  years  elapsed  shall  not  differ 
ame  number  of  real  tropica!  years  by  a  whole  tlay.     By  this 
,  the  equinoxes  and  solstices  will  always  fall  on  daya  similarly 
id  bearing  (he  same  name  in  each  Gregorian  year;  and  the 
!  for  ever  correspond  to  the  suiiie  months,  instead  of  running 
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fiietioii,  18  S65-24224,  so  the  error  in  the  Gregorian  rule  on  10000  of 
the  pieaent  tropical  yean,  is  2'6|  or  2'  14^  24" ;  that  is  to  say,  less  than 
ft  dftj  in  8000  years ;  which  is  more  than  sufficient  for  all  human  purposes, 
thoM  of  the  ftBtronomer  excepted,  who  is  in  no  danger  of  being  led  into 
error  firom  thia  cause.  Even  this  error  is  avoided  by  extending  the 
wording  of  the  Oiogorian  rale  one  step  farther  than  its  contrivers  probably 
Ikooi^t  it  worth  while  to  go,  and  declaring  that  years  divisible  by  4000 
alioald  eonaisfc  of  865  days.  This  would  take  o£f  two  integer  days  from 
the  abovtf  calculated  nomberi  and  2-5  from  a  larger  average ;  making  the 
iom  of  days  in  100000  Gregorian  years,  36524225,  which  differs  only  by 
ft  nngle  day  from  100000  real  tropical  years,  such  as  they  exist  at  present. 

(918.)  In  the  historical  dating  of  events  there  is  no  year  a.  d.  0.  The 
joar  immediately  previous  to  A.  d.  1,  is  always  called  b.  c.  1.  This  must 
always  he  borne  in  mind  in  reckoning  chronological  and  astronomical 
iBterFa]&  The  aom  of  the  nominal  years  b.  c.  and  a.  d.  must  be  dimin- 
idiad  by  1.  Thns,  from  Jan.  1,  b.  c.  4713,  to  Jan.  1, 1582,  the  years 
eli^ned  are  not  6295,  but  6294. 

(917.)  As  any  distance  along  a  high  road  might,  though  in  a  rather 
ineonYenient  and  roundabout  way,  be  expressed  without  introducing  error 
by  aefcting  np  a  aeries  of  milestones,  at  intervals  of  unequal  lengths,  so 
that  every  fourth  mile,  for  instance,  should  be  a  yard  longer  than  the  rest, 
or  aeeording  to  any  other  fixed  rule ;  taking  care  only  to  mark  the  stones 
ao  aa  to  leave  room  for  no  mistake,  and  to  advertise  all  travellers  of  the 
difierenoe  of  lengths  and  their  order  of  succession ;  so  may  any  interval 
of  time  be  expressed  correctly  by  stating  in  what  Gregorian  years  it  begins 
and  ends,  and  tohereahouU  in  each.  For  this  statement  coupled  with  the 
dedaratory  mle,  enables  us  to  say  how  many  integer  years  are  to  be 
nekoned  at  865,  and  how  many  at  366  days.  The  latter  years  are  called 
UaaeztOefl,  or  leap-years,  and  the  surplus  days  thus  thrown  into  the 
xedconing  are  called  intercalary  or  leap  dai/s, 

(918.)  If  the  Gregorian  rule,  as  above  stated,  had  always  and  in  all 
ooantriea  been  known  and  followed,  nothing  would  be  easier  than  to  reckon 
the  number  of  days  elapsed  between  the  present  time,  and  any  historical 
recorded  event  But  this  is  not  the  case ;  and  the  history  of  the  calendar, 
with  reference  to  chronology,  or  to  the  calculation  of  ancient  observations, 
may  be  compared  to  that  of  a  clock,  going  regularly  when  left  to  itself, 
bat  sometimes  forgotten  to  be  wound  up ;  and  when  wound,  sometimes 
set  forward,  someUmes  backward,  either  to  serve  particular  purposes  and 
private  interests,  or  to  rectify  blunders  in  settiug.  Such,  at  least,  appears 
to  have  been  the  case  with  the  lloman  calendar,  in  which  our  own  origi- 
nates, from  the  time  of  Numa  to  that  of  Julius  Csssar,  when  the  lunar 
84 
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InoQths,  or  355  days,  was  augmented  at  pleasure  to  correspond 

I  by  which  the  seasoas  are  dctermiDed,  by  the  arbitrary  iater- 

I  the  priests,  and  the  nsarpations  of  the  decemvirB  and  other 

1  till  the  confusion    became  inextricable.     To  Julius  Casaf, 

ISoxigenes,  an  eminent  Alexandrian  astronomer  and  mathcma' 

G  tlie  neat  contrivance  of  the  two  years  of  365  and  366  days, 

ttoQ  of  one  hisseitilc  after  three  eommon  years.     This  im- 

je  took  plnce  in  the  45th  year  before  Christ,  which  he  ordered 

;  on  the  1st  of  January,  tptny  lif  day  of  the  ncjc  mooii  im- 

%w'iiig  the  winter  so/iUice  o/lhe  t/car  before.     We  may  judge 

I  into  which  the  reoltoning  of  time  had  feUen,  by  the  fact,  that 

T  syatein  it  was  necessary  to  enaet  that  the  previous 

c,  should  consist  of  445  duys,  a.  eircomstance  which  obtained 

fcithet  of  "  the  year  of  confusion." 

Bad  CiBsar  lived  to  carry  out  into  practical  cficct,  as  Chief 
wn  reformation,  an  inconvenience  would  have  been  avoided, 
;  very  outset  threw  the  whole  matter  into  confusion.  The 
a  edict  eBlabliahing  ihc  Julinu  system  have  not  been  handed 
B  probable  that  they  contained  aonie  esprcssiou  e 
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of  fleeariDg  the  intercalation  afi  a  matter  of  precedent,  mad^  his  initial 
jear  45  b.  C.  a  leap  year.  Whenever,  therefore,  in  the  relation  of  anj 
event|  either  in  uicient  history  or  in  modem,  previous  to  the  change  of 
style,  the  time  is  speeifkxi  in  our  modem  nomenclature,  it  is  always  to  he 
mdentood  as  having  been  identified  with  the  assigned  date  by  threading 
the  nmes  (often  very  tangled  and  obscure  ones)  of  special  and  national 
ehronologyi  and  referring  the  day  of  its  occurrence  to  its  place  in  the 
Julian  system  90  interpreted, 

(920.)  Diffinent  nations  in  different  ages  of  the  world  have  of  course 
TCckoned  their  time  in  different  ways,  and  from  different  epochs,  and  it  is 
therefore  a  matter  of  great  convenience  that  astronomers  and  chronologists 
(aa  ihey  have  agreed  on  the  uniform  adoption  of  the  Julian  system  of 
jean  and  months)  should  also  agree  on  an  epoch  antecedent  to  them  all, 
to  which,  as  to  a  fixed,  point  in  time,  the  whole  list  of  chronological  eras 
can  be  differentially  referred.  Such  an  epoch  is  the  noon  of  the  Ist  of 
January^  b.  c.  47 13,  which  is  called  the  epoch  of  the  Julian  period,  a  cycle 
of  7980  Julian  years,  to  understand  the  origin  of  which  we  must  explain 
that  of  three  subordinate  cycles,  from  whose  combination  it  takes  its  rise, 
by  the  moltiplication  together  of  the  numbers  of  years  severally  contained 
ID  them,  vis. : — ^the  Solar  and  Lunar  cycles,  and  that  of  the  indictions. 

(921.)  The  Solar  cycle  consists  of  28  Julian  years,  after  the  lapse  of 
which  the  same  days  of  the  week  on  the  Julian  system  would  always 
letnni  to  the  same  days  of  each  month  throughout  the  year.  For  .four 
nicb  years  consisting  of  1461  days,  which  is  not  a  multiple  of  7,  it  is 
evident  that  the  least  number  of  years  which  will  fulfil  this  condition 
moat  be  seven  times  that  interval,  or  28  years.  The  place  in  this  cycle 
lor  any  year  a.  d.,  as  1849,  is  found  by  adding  9  to  the  year,  and  divi- 
ding by  28.     The  remainder  is  the  number  sought^  0  being  counted  as  28. 

(922.)  The  Lunar  cycle  consists  of  19  years  or  235  lunations,  which 
differ  from  19  Jnlian  years  of  365^  days  only  by  about  an  hour  and  a 
half,  so  that,  supposing  the  new  moon  to  happen  on  the  first  of  January, 
in  the  first  year  of  the  cycle,  it  will  happen  on  that  day  (or  within  a  very 
abort  time  of  its  beginning  or  ending)  again  after  ia  lapse  of  19  years,  and 
almost  certainly  on  that  day,  and  within  an  hour  and  a  half  of  the  same 
boor  of  the  day,  after  the  lapse  of  four  such  cycles,  or  76  years ;  and  all 
the  new  moons  in  the  interval  will  ran  on  the  same  days  of  the  month  as 
in  the  preceding  cycle.  This  period  of  19  years  is  sometimes  called  the 
Hetonio  cycle,  from  its  discoverer  Meton,  an  Athenian  mathematician,  a 

ring  the  reciification  of  iheir  accumulated  error  to  the  fourth,  by  insening  thtrt  the 
iwereilary  day.  For  the  correciion  of  Romui  datet  during  the  fifty -two  yeara  between 
the  Julian  and  Augustan  reibrmaiione,  aee  Ideler,  *'  Handbuch  der  Matbematiachen 
and  Ttchiiiacben  Chronologie/*  which  we  take  for  our  guide  throughout  thia  chapter. 
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uly  appreciated  by  his  countrymen,  ns  ensuring  the  correspon- 
icn  tbe  lunar  and  solar  years,  ttie  former  of  vrLich  was  followed 
eks.      Public  honours  were  decreed  to  him  for  this  discovery, 
nco  very  expressive  of  the  annoyance  wbieb  a  lunar  year  of 
iflicts  on  a  civilized  people,  to  whom  a  regular  and  Gimple 
one  of  the  first  necesaitiea  of  life.     The  cycle  of  76  years,  a 
iveroent  on  the  Metonic  cycle,  waa  first  proposed  by  Callippus, 
ilore  called  tbe  Callippio  cycle.     To  find  the  place  of  a  given 
lunar  cycle,  (or  as  it  is  called  tbe  Golden  Nomber,)  add  1  to 
r  of  the  year  A.  D.,  and  divide  by  19,  the  remainder  (or  19  if 
isible)  is  the  OoldcQ  Number. 

rbe  cycle  of  the  Indictiona  is  a  period  of  15  years  used  in  the 
iw  and  ia  the  fiscal  organiwitioii  of  the  Roman  empire,  under 
3  and  his  successors,  and  thence  introduced  into  legal  dates,  aa 

find  the  place  of  a  year  in  tbe  indiotjon  cycle,  add  3  and  divide 
ae  remainder  (or  15  if  0  remain)  is  the  number  of  the  indio- 
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(925.)  Oiven  the  year  of  the  Julian  period,  those  of  the  sobordinato 
eyclea  are  easily  determined  as  above.  Conversely,  given 'the  years  of  the 
iolar  and  lunar  cycles,  and  of  the  indiction,  to  determine  the  year  of  the 
Julian  period  proceed  as  follows :  —  Multiply  the  number  of  the  year  in 
the  mAax  cyde  by  4845,  in  the  lunar  by  4200,  and  in  the  Cycle  of  the 
Indictions  by  6916,  divide  the  sum  of  the  products  by  7980,  and  the 
remainder  is  the  year  of  the  Julian  period  sought 

(926.)  The  following  table  contains  these  intervals  for  some  of  the  more 
important  historical  eras :  — 
LUervaU  i»  Dajfs  between  the  Cammencetnent  of  the  Julian  Period,  and 

thai  of  9ome  other  remarkahle  chronological  and  astronomical  Eras. 


ly  whkh  tlM  In  is  umimlly  cited. 


Juliam  Epocka, 

Jaliao  period 

Cnfttion  of  the  w6rld  (Usher) 

Km  of  the  Deluge  ( AboalhaMan  Kus- 

ehUr) 

Ditto  Vulgar  Compotation % 

Em  of  Abraham  (Sir  II.  Nicholas) .... 

DMtmetion  of  Troy,  (ditto) 

DcdleatioD  of  Solotnon's  Temple 

Oljmpiade  (mean  epoch  in  general 

uae) 

Bailding  of  Rome  (Varronian  epoch, 

V.  G.) 

Brmof  Nabonaeflar 

Metonle  cycle  (ABtronomienl  epoch)... 

CalHppie  cycle,        do.    (Biot) 

Philippic  era,  or  era  of  Philip  Aridieus 

Era  of  the  SeleaoidsB 

Cmnmtm  eraof  Antioch 

Julian  reformatiou  of  the  Calendar... 

Spaniih  era. «... 

Actlau  era  in  Rome 

Aetlan  era  of  Alexandria 

Vulgar  or  Dionysian  era 

Bra  of  Diocletian 

H^ira    (aatronomical    epoch,    new 

moon) 

Rra  of  Tesdogird 

Oelalaaa  era  (Sir  H.  Nieholas) 

Laii  day  of  Old  Style  (Catholic  na- 

liont) 

Luit  day  of  Old  Style  in  England).... 

Qrtgartan  EpockM, 

ITew  Style  in  Catholic  nationi 

Ditto      in  England 

CoBmencement  of  the  19th  century, 
epoch  of  Bode'i  catalogue  of  stant.. 
Epoch  of  the  catalogue  of  stara  of  the 

IR.  Aitronomieal  Society 
Epoch  of  the  catalggne  of  the  British 
1     AecoeiutioD 


Fimtday 

current  of 

the  em. 


Julian  DaU*. 

Jan.  1. 

(Jan.  1.) 

Feb.  18. 
(Jan.  1.) 
Oct  1. 
July  12. 
(May  1.) 

July  1. 

AprU  22. 

Feb.  26. 

July  15. 

June  28. 

Nov.  12-. 

Oct  1. 

Sept  1. 

Jan.  1. 

Jan.  1. 

Jan.  1. 

Aug.  29. 

Jan.  1. 

Aug.  29. 

July  15. 

June  16. 

March  14. 

Oct  4. 

Sept  2. 

Gregorian 

Jjutet, 

Oct  15. 

Sept  14. 

Jan.  1. 

Jan.  1. 

Jan.  1. 


ChronologH 
dedgnation 
of  the  year. 


Current  year 
of  the  Ju- 
lian Period. 


B.C.4713 
4004 

3102 
2348 
2015 
1184 
1015 

776 

753 

747 

432 

330 

824 

312 

49 

45 

38 

30 

30 

A.  n.  1 

284 

622 

632 
1079 

1582 
1752 


1582 
1752 

1801 

1830 

1850 


1 
710 

1612 
2366 
2699 
8530 
8699 

8938 

8961 
8967 
4282 
4.384 
4390 
4402 
4665 
4669 
4676 
4684 
4684 
4714 
4997 

5335 
5345 
5792 

6295 
6465 


6295 
6465 

6514 

6543 

6568 


Interral 
days. 


0 
258,963 

588,466 

863,817 

985,718 

1,289,160 

1,350,816 

1,438,171 

1,446,502 

1,448,638 

1,563,831 

1,599,608 

1,60.3,398 

1,607,739  i 

1,703.770  I 

1,704,987  j 

1,707,544  I 

1,710,466 

1,710.706 

1,721.424 

1,825,030 

1,948,430 
1.952.063 
2,115,285 

2,299,160 
2,361,221 


2,299,161 
2,361,222 

2,378,862 

2,389,454 

2,396,759 
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civil  epoch,  of  the  MetuniB  cjcle.  ud  ths  Hejir.,  are  ench  one  d«j  later 
inataicoJ,  the  IntUr  beiDg  Ihv  rpocht  of  tbp  Bbsotute  nfrc  noUHt,  tb«  fonDH- 

nt  Ihu  lalitice  and  nuw  mooB  nut  oulj  coincidej  on  llin  d»j  h*rB  <et  down 
ncomcDt  of  lbs  CiLlippiii  cycle,  but  tbat,  by  a  happy  cnincidsncc,  a  ban 
slcJof  BOting  the  creicent  mooa  at  Albenl  wUlim  Ihal  rfuj.rfctmfd/rflm 

'be  (Se termination  of  ttie  exact  interval  bettreen  &ay  two  given 
latter  of  such  importance,  and,  unless  methodically  performed, 
iable  to  error,  that  tLe  followiog  rules  will  not  be  found  out  of 
the  first  place  it  must  be  retnirkeil,  genprally,  that  a  date, 
a  day  or  year,  always  eiprcssea  tbo  day  or  year  currevt  and  not 
i  tbat  the  designation  of  a  year  by  A.  D.  or  B.  c.  is  to  be  re- 
[le  name  of  that  year,  and  not  at  a  men;  number  tininterrupt' 
MliiKj  llir  plarf  of  the  ymr  in  t/ie  Kate  of  lime.     Tbns,  in 
in.  5,  B.  c.  I,  Jan.  5  docs  not  mean  tbat  5  days  of  Januaty  in 
questioa  have  elapsed,  but  that  4  have  elapsed,  and  the  5tli  is 
Ind  the  B.  c.  1,  indicates  that  fh''  Jint  dot/  of  the  year  so 
;  6rst  jcBr  current  before  Christ,)  preceded  the  first  day  of  the 
by  one  year.     The  scale  of  a.  p.  and  b.  c.  is  not  contionoua. 
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Tabu  L  Maldples  of  1461,  the  dajs  in  • 
Jalian  QuailrieHttiuui, 


I 
2 


1461 
2922 
4383 


4 
5 
6 


6b44 
7305 
870« 


7 
8 
9 


102*27 
11083 
13149 


Tablb  2.  Daj8  in 
Rcnidunl  years. 


0 
1 
2 
3 


0 

366 

731 

1090 


Tabu  8.  Days  elapsed  from  Jan.  1  to  the  let  of  each  Month. 


In  a  com- 
mon year. 

In  a  leap 
year. 

In  a  com- 
mon year. 

In  a  leap 
year. 

Jaa.1 „ 

Marrh  1.. 

0                   0         1 
81                 31         1 
59               An        > 

July  1 

181 
212 
243 
273 
304 
334 

182 
213 
244 
274 
305 
335 

AuflT.  1 

Sent.  1 

vAprU  I 

90 
120 
151 

91 
121 
152 

Oct.  I 

June  1 

•  Nov.  1 

Dec.  1 

Example. — What  is  the  current  day  of  the  Julian  period  correspond- 
lag  to  the  last  day  of  Old  Style  in  England,  on  Sept.  2,  a.  p.  1752  ? 

1753  1000         l»461,000 

4713  600  876,600 

6465  year  current.  10  14.610 

1_  6  8,766 

4)6464  yeaiB  eiapBed.  R"0  0 

Q— I6I67  Jan.  1  to*  Sept.  1,  244 

R  —      03  Sept.  1  to  Sept.  2,         1 

2,361,221  days  elapsed. 
Current  day  the  2.361.222<. 

(930.)  To  find  the  same  for  any  given  date,  New  Style.  Proceed  as 
above,  considering  the  date  as  a  Julian  date,  and  disregarding  the  change 
of  style.     Then,  from  the  resulting  days,  subtract  as  follows : — 

For  Boy  date  of  New  Style,  antecedent  to  March  1,  a.  d.  1700 10  days. 

After  Feb.  28,  1700,  and  before  March  1,  a.  d.  1800 11  days. 

"  1800  ••  **  1900 12  days. 

«•  1900  '*  "  2100 13days,&c 

(931.)  To  find  (he  interval  between  any  tico  dates,  whether  of  Old  or 
New  Styhf  or  one  of  one,  and  one  of  the  other.  Find  the  day  current 
of  the  Julian  period  corresponding  to  each  date,  and  their  difference  is 
the  interval  required.  If  the  dates  contain  hours,  minutes,  and  seconds, 
they  must  be  annexed  to  their  respective  days  current,  and  the  subtraction 
performed  ba  usual. 

(932.)  The  Julian  rule  made  every  fourth  year,  without  exception,  a 
bissextile.  This  is,  in  fact,  an  over-correction  ]  it  supposes  the  length  of 
the  tropical  year  to  be  3G5i'^  which  is  too  great^  and  thereby  induces  an 
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aj9  in  908  yeare,  as  will  easilj  appear  nn  trial.     Accordingly, 
the  year  1414,  it  began  to  bo  perceived  tlist  the  equinoxea 

ought  to  have  always  fiillcD  had  the  Julian  year  beco  exact,     . 
iug  (as  it  appeared)  too  early.     The  necessity  of  a  frosh  and     i 

Imitied.     The  change  (which  took  place  uuder  the  popedoii     I 

October,  15S2,  (bo  that  the  ncit  day  naa  called  lhe,15th,  and 
,)  and  the  promulgation  of  the  rule  already  explained  for  future 
The  change  mas  adopted  immediately  in  all  Catholic  coun- 
lore  slowly  in  Protestant.  In  Englandj  "the  change  of  style," 
allcd,  took  place  afrer  the  2d  of  September,  1752,  eleven  no- 
bcing  then  struck  out ;  ao  that,  the  last  day  of  Old  Style  being 

fir^t  of  New  Style  (the  next  day)  was  called  the  Uth,  instead 
The  same  legislaiivo  enactment  which  eslablished  the  Gre- 

in  England  in  1752,  ahortcned  the  preceding  year,  1751,  by 
*r.  Prcviona  to  that  time,  the  year  was  held  to  begin  with 
darcb,  and  the  year  A.  D.  1751  did  so  accordingly ;  but  that 
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voren  with  the  account  giyen  by  an  ancient  author  of  some  historical 
cventy  as  to  indicate  precisely  the  interval  of  time  between  the  eclipse  and 
the  event,  and  at  the  same  time  completely  to  identify  the  eclipse,  that 
date  is  reeoyered  and  fixed  for  ever.* 

(984.)  The  days  thus  parcelled  oat  into  years,  the  next  step  to  a  per- 
frct  knowledge  of  time  is  to  secure  the  identification  of  each  day,  by  im- 
posing  on  it  a  nam&  universally  known  and  employed.  Since,  howeveri 
die  days  of  a  whole  year  are  too  numerous  to  admit  of  loading  the 
Biemory.  with  distinct  names  for  each,  all  nations  have  felt  the  necessity 
of  breaking  them  down  into  parcels  of  a  more  moderate  extent ;  giving 
Barnes  to  each  of  these  parcels,  and  particularizing  the  days  in  each  by 
BomberSi  or  by  some  special  indication.  The  lunar  month  has  been  re- 
iorted  to  in  many  instances ;  and  some  nations  have,  in  fact,  preferred  a 
famar  to  a  solar  chronology  altogether,  as  the  Turks  and  Jews  continue  to 
do  to  this  day,  making  the  year  consist  of  12  lunar  months,  or  354  days. 
Our  own  division  into  twelve  unequal  months  is  entirely  arbitrary,  and 
often  productive  of  confusion,  owing  to  the  equivoque  between  the  lunar 
and  oalendar  month.'  The  intercalary  day  naturally  attaches  itself  to 
Febmary  as  the  shortest 

(985.)  Astronomical  time  reckons  from  the  noon  of  the  current  day, 
eivfl  firom  the  preceding  midnight,  so  that  the  two  dates  coincide  only 
doring  the  earlier  half  of  the  astronomical,  and  the  later  of  the  civil  day. 
This  is  an  inconvenience  which  might  be  remedied  by  shifting  the  astro- 
nomical epoch  to  coincidence  with  the  civil.  There  is,  however,  another 
inoonvenicnce,  and  a  very  serious  one,  to  which  both  are  liable,  inherent 
in  the  nature  of  the  day  itself,  which  is  a  local  phsenomenon,  and  com- 
meiioes  at  different  instants  of  absolute  time,  under  different  meridians, 
whether  we  reckon  from  noon,  midnight,  sunrise,  or  sunset.  In  conse- 
quence all  astronomical  observations  require,  in  addition  to  their  date,  to 
render  them  comparable  with  each  other,  the  longitude  of  the  place  of 
obeervation  from  some  meridian,  commonly  respected  by  all  astronomers. 
For  geographical  longitudes,  the  Isle  of  Ferroe  has  been  chosen  by  some 
as  a  common  meridian,  indifferent  (and  on  that  very  account  offensive)  to 
all  nations.  Were  astronomers  to  follow  such  an  example,  they  would 
probably  fix  upon  Alexandria,  as  that  to  which  Ptolemy's  observations 


the  remarkable  calculations  of  Mr.  Baily  relative  to  the  celebrated  solar  eclipse 
which  pot  an  end  to  the  battle  between  the  kings  of  Media  and  Lydia,  b.  c.  610, 
8tpt.  m    Phil.  Trans,  ci.  220. 

*  "A  month  in  law  is  a  lunar  month  or  twenty. eight  days,  (! !)  unless  otherwise  cz* 
pnaaed." — BladUt&He,  ii,  chap.  9.  "A  lease  for  twelve  months  is  only  for  forty-eight 
WMka.'*— Airf. 
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tod  compuUtiona  were  reduced,  aud  as  cluiming  on  tLut  account  thew 
Spect  of  hU  while  offending  the  national  egotism  of  none.  But  evca  lUt 
Tvill  nut  meet  the  whole  difficulty.  It  will  still  reutain  duobtful,  oo  * 
meridisu  180°  remote  bom  that  of  Alesaudria,  what  day  is  iutended  Ij 
nny  given  date.  JJo  what  we  will,  when  it  ia  the  Wonday,  the  Ut  rf 
Jutiuury,  184!),  in  one  part  of  the  world,  it  will  be  Suodiiy,  the  Slant 
December,  1848,  in  another,  so  long  as  time  ia  retikcoed  by  luod  Uoiui 
This  equivoqae,  and  the  neccEsity  of  epecifying  the  geographical  lociliij 
OS  an  element  of  the  date,  can  only  be  got  over  by  a  reckouing  of  ^ 
irLich  refers  it£clf  to  eomc  event,  real  or  imagiuiiry,  common  to  nU  llit 
globe.  Such  aa  event  is  the  passage  of  the  sun  through  the  venul 
cquinos,  or  rather  the  paasnge  of  an  imaginary  sun,  supposed  to  man 
vith  perfect  equality,  through  a  vernal  equinox  supposed  free  &odi  Uk 
inequalities  of  nutation,  and  receding  upon  the  ecliplio  with  perfect  wo- 
formity.  The  actual  equinos  is  variable,  not  only  by  the  effect  of  nntt- 
tioD,  but  by  that  of  tbe  inequality  of  precession,  resulting  from  the  tihangt 
in  the  plane  of  the  ecliptic  due  to  ploneUiry  perturbation.  Both  mii- 
taons  are,  however,  periodical ;  the  one  in  the  short  period  of  19  years, 
the  other  in  a  period  of  enormous  length,  hitherto  uncalculal«d,  and 
whose  majdmum  of  fluctuation  is  also  unknown.  Thia  wonld  appear,  at 
fir«t  sight,  to  render  impraclicablo  the  attempt  to  obtain  from  the  saa'i 
motion  any  rigorously  uniform  measure  of  time.  A  little  oonsiderabOD, 
howercr,  will  satisfy  us  that  such  is  not  the  ease.  The  solar  ublf.^,  bj 
which  the  apparent  place  of  the  sun  iu  the  hea\^ns  is  represented  witli 
almost  absolute  precision  from  the  earliest  ages  to  the  present  time,  are 
constructed  upon  the  supposition  that  a  certain  angle,  which  is  called  "  the 
sun's  mean  longitude,"  (and  which  is,  in  effect,  llie  sum  of  the  mean  side- 
real motion  of  the  sun,  j>7us  tbe  mean  sidereal  motion  of  the  equinox  in 
the  opposite  direction,  as  nntr  as  it  rtui  he  uhl'tincd  from  the  accumn- 
lalcd  observations  of  twenty-five  centuries,)  increases  with  rigorous  uni- 
formity as  time  adsauccs.  The  eonversiou  of  this  mean  longitude  into 
time  at  the  rale  of  360°  to  the  lue.in  tropiral  year,  (such  as  the  laUes 
assume  it,)  will  therefore  give  us  both  the  unit  of  time,  and  the  uniform 
measure  of  its  lapse  whicli  we  seek.  It  will  also  furnish  ns  with  an  epoch, 
not  indeed  mitrked  by  any  real  event,  but  not  on  that  account  tbe  less 
positively  fixed,  being  connected,  through  the  medium  of  tbe  tables,  with 
every  (■ingle  observation  of  the  sun  on  which  they  have  been  constructed 
and  with  which  compared. 

(03G.)  Such  is  the  simplest  abstract  conception  of  equinoctial  lime.  It 
is  the  mean  longitude  of  the  sua  oi hmw  one.  uj-j/torcd  set  o/ao/ur  tables, 
converted  into  time  at  tbe  rate  of  800°  to  the  tropical  year.     Its  unit  i> 
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die  mcAn  tropical  year  which  those  tables  assume  and  no  other^  aod  its 
tpooh  18  the  mean  vernal  equinox  of  these  tables  for  the  current  year,  or 
the  inalant  whei^  the  mean  lougitude  of  the  tables  is  rigorously  0,  accord- 
ing to  the  assamed  mean  motion  of  the  sun  and  equinox,  the  assumed 
epoch  of  mean  longitude^  and  the  assumed  equinoctial  point  on  which  the 
tablet  have  been  computed,  atid  no  other.  To  give  complete  effect  to  this 
idea,  it  only  remains  to  specify  the  particular  tables  fixed  upon  for  the 
INirpoaey  which  ought  to  be  of  great  and  admitted  excellence,  since,  once 
decided  on,  the  very  essence  of  the  conceptiou  is  that  no  subsequent  altera- 
tiom  in  anjf  respect  should  he  made^  even  when  the  continual  progress  of 
atinmomicdl  Ktence  shall  have  shown  any  one  or  all  of  the  elements  con- 
earned  tobe  w  9ome  minute  d^^f^ree  erroneous  (as  necessary y  they  must,) 
amd  tikail  have  even  ascertained  the  corrections  they  require  (to  be  them- 
advea  again  corrected,  when  another  step  in  refinement  shall  have  been 
made.) 

(937.)  Dehunbre's  solar  tables  (in  1828)  when  this  mode  of  reckoning 
time  was  first  introduced,  appeared  entitled  to  this  distinction.  According 
to  theae  tables,  the  sun's  mean  longitude  was  0^,  or  the  mean  vernal  equi- 
nox ocearred,  in  the  year  1828,  on  the  22d  of  March  at  l^^  2-  59*05 
mean,  time  at  Greenwich,  and  therefore  at  1^  12"  20**55  mean  time  at 
Pkrisy  or  1^  dG"*  84*'55  mean  time  at  Berlin,  at  which  instant,  thereforci 
the  eqmnoctial  time  was  0'  0^  0"  0**00,  being  the  commencement  of  the 
1828th  year  current  of  equinoctial  time,  if  we  choose  to  date  from  the 
mean  tabular  equinox,  nearest  to  the  vulgar  era,  or  of  the  6541st  year  of 
the  Jalian  period,  if  we  prefer  that  of  the  first  year  of  that  period. 

(988.)  Equinoctial  time  then  dates  from  the  mean  vernal  equinox  of 
Delamhre'a  solar  tables,  and  its  unit  is  the  mean  tropical  year  of  these 
tables  (365''242264.)  Hence,  having  the  fractional  part  of  a  day  ex- 
pteaaing  the  difference  between  the  mean  local  time  at  any  place  (suppose 
Oreenwich)  on  any  one  day  between  two  consecutive  mean  vernal  equi- 
noxes, that  difference  will  be  the  same  for  every  other  day  in  the  same 
interval.  Thus,  between  the  mean  equinoxes  of  1828  and  1829,  the 
difierenoe  between  equinoctial  and  Greenwich  time  is  0''956261  or  0' 
22^  57"  0*'95,  which  expresses  the  equinoctial  day,  hour,  minute,  and 
eecond,  corresponding  to  mean  noon  at  Greenwich  on  March  23,  1828, 
and  for  the  noons  of  the  24th,  25th,  &c.,  we  huvi>  only  to  substitute  Id, 
2d|  &c.,  for  0',  retaining  the  same  decimals  of  a  day,  or  the  same  hours, 
minutes,  &c.,  up  to  and  including  March  22, 1820.  Between  Greenwich 
noon  of  the  22d  and  23d  of  March,  1829,  the  1828th  equinoctial  year 
terminates,  and  the  1829th  commences.  This  happens  at  0^*286003,  or 
at  6^  51"  50*'06  Oreenwich  mean  time,  after  which  hour,  and  until  the 
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iVkc— The  element*  of  the  orbits  of  Mercuty,  Venos,  the  Earth,  Mars,  Jupiter, 
Satam,  and  Ufrnms,  are  those  given  by  the  late  F.  Baily,  Esq.,  in  his  *'  Astronomical 
Tables  mnd  Formule,*'  and  are  the  same  with  those  which  form  the  basis  of  Deism- 
bffe'a  tablee,  embodying  the  formulae  of  Laplace.  The  elements  of  Uranus  and  Nep- 
taam  cid  only  be  regarded  as  provisional;  those  of  the  former  requiring  considerable 
nacesaitated  by  the  discovery  of  Neptune,  bnt  which,  not  being  yet  finally 
I,  by  reason  of  the  uncertainty  still  attending  on  the  mass  and  elements  of 
the  latter  planet,  it  waa  thought  better  to  leave  the  old  elements  untouched  than  to  give 
an  fanperteet  rectification  of  them.  The  masses  of  the  planets  are  those  most  recently 
adoptsd  by  Encke  (Aat.  Nachr.  No.  443),  on  mature  consideration  of  all  the  autho- 
ritiaa,  that  of  Neptune  excepted,  which  is  Prof.  Pierce's  determination  from  Bond*8 
and  LBsaeU'a  observation  of  the  eatellite  discovered  by  the  latter.  The  densities  are 
Hanaen'a  (A.  N.  443.) 

The  elementa  of  Vesta,  Jnno,  Ceres,  and  Pallas,  are  the  oeculating  elements  for 
1850.  ooroputed  by  Encke  (A.  N.  636.)  [Those  of  Flora  are  from  the  computations 
of  Bninaow  (A.  N.  645);  of  Victoria,  Villarceaux  (A.  N.  741);  of  Iris,  Schubers 
(A.  N.  730) ;  of  Metis,  Wolfers  (A.  N,  764) ;  of  Hebe,  Luther  (A.  N.  721) ;  of  Par- 
thenope,  Gakn  (A.  N.  757);  of  Astnes,  D' Arrest  (A.  N.  626);  of  Egeria,  D' Arrest 
(A.  N.  749);  of  Ipsnoi  Vogel  and  Riimker  (A.  N.  765):  and  of  Hygeia,  Santini  (A. 
N.70S.) 

Of  these  laaC-mentioned  small  planets,  Hygeia,  Parthenope,  and  Egeria  were  dis- 
eovered  by  Dr.  Gaaparis,  at  Naples,  on  April  12,  1849,  May  11  and  Nov.  2,  1850, 
respectively;  Iria,  Flora,  Victoria,  and  Irene,  by  Mr.  Hind,  on  Aug.  13  and  Oct.  18, 
1647,  Sept.  13,  1850,  and  May  19,  1851,  respectively.  The  elements  of  the  recently- 
diseoterad  email  planets  may  undergo  material  corrections  from  funher  observation. 
Irsae  haa  a  bine  cokrar  and  a  faint  nebulous  envelope.  The  orbits  of  AstraBa  and 
Hygeia  approach  at  one  point  (their  common  node)  within  0'006  of  the  radius  of  the 
esrth*a  orbit.  It  will  not  be  long  before  the  planets  themselves  come  within  that  prox- 
imiiy  to  eadi  other  (A.  N.  752.)  Victoria  and  Astraea  are  subject  to  variations  of 
biightneaa,  which  indicate  rotations  on  their  axes,  and  dark  spots  (A.N.  760.)  D*  Arrest 
(A.  N.  758)  remarks  that  a  relation  subsists  between  the  excentricities  of  the  orbits  of 
the  small  planeta,  and  the  inoHnations  of  the  planes  in  which  they  lie  to  the  son's 
cqnator,  the  more  excentric  orbits  being  the  more  inclined.  While  these  sheets  pass 
thnmgh  the  press,  another,  ]ret  vnnamed,  is  announced  by  M.  de  Gasparis.] 

III. 

Stmoptio  Tabls  of  thb  Elements  of  the  Orbits  op  the  Satel- 

LITES|  so  FAR  AS  THEY  ARE  KNOWN. 

1.  The  Moon. 

Mean  distance  fton  earth 59^*96435000 

Mean  sidereal  revolution 27^*321661418 

Mean  aynoNlicai  ditto...  > 29''530588715 

Exeentridty  of  orbit 0*054844200 

Mean  revolation  of  nodes 6793^*391080 

Mean  revoladon  of  apogee 3232^-575343 

Mean  longitude  of  node  at  epoch .13*"  53'  17"'7 

Mean  lonffitnde  of  peri^  at  do 266   10    7*5 

Mean  ineunation  of  orbit 5     8  47  "9 

Mean  longitude  <jf  moon  at  epoch 118   17    8  '3 

Mass,  that  of  earth  being  1, 0*011399 

Diameter  in  milea 2153 

Density,  that  of  the  earth  being  1 0*5657 

'  The  diataneea  are  expressed  in  equatorial  radii  of  the  primariee.  The  epoch  is  Jsn.  1 , 
1801,  vnlesa  •therwiae  expraayd.    The  periodsi  &e.  an  ezpreaaed  in  mean  solar  daya. 
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H.B. 


TWieteiDMi  ace  to  Um  ariiclM,  not  to  tho  pactw. 

to  a  nteonea  number  tndkmtai  that  the  referenoe  eztenda  to  tho  trtSde  cUod,  and 
■nbeoqnant  In  mocioMinii. 


Aberratkm  of  light  explained,  829.  Its 
nrmnogrmphical  effects,  838.  Of  an 
ob^t  in  motion,  885.  Hoir  distin- 
goiehed  from  parallax,  806.  System- 
atie,862. 

Aboul  Wrfa,  706. 

AeetUrqHonf  secular,  of  moon's  mean 
motion,  740. 

Adawu,  606.  767. 

A4fy$^i^mt,  errors  of,  in  instmrnents, 
186.  Of  particular  instmments.  (^See 
those  instroments.) 

JEtnm^  portion  of  earth  lisible  from,  82. 
Height  of,  82.  note. 

Air,,  rarefkotion  of,  88.  Law  of  density, 
87.  RefractiTe  power  affected  by 
moisture,  41. 

Atrjfy  O.  B.  Bsq.,  his  resalts  respecting 
figure  of  the  earth,  220.  Researches 
on  perturbations  of  the  earth  by  Ve- 
nus, 726.  Rectification  of  the  mass 
of  Jupiter,  767. 

Algol,  821. 

AlUtude  and  asimuth  instrument,  187. 
— s.  £qual,  method  of,  188. 

Andromeda,  nebula  in,  874. 

Anfik  of  position,  204.  Of  situation,  81 1 . 

Ai^fUa,  measurement  of,  168. 167.  Hour, 
107. 

Anffular  velocity,  law  of,  variation  of, 
860. 

AnomdUttie  year,  88). 

Anomaly  of  a  planet,  499. 

Annuls  nebuUs,  875. 

4/>»  of  aberradon,  ^48.  Of  parallax, 
848.  Of  reft«ction,  848.  Solar,  864. 
Of  shooting  stars,  902.  904. 

Aphdmn^Z^ 

Apogm  of  moon,  406.  Period  of  its  re- 
volution, 687. 

Apnda,  406.  Motion  of  investigated, 
675.  Application  to  lunar,  676... 
Motion  of,  illuftrated  by  experiment, 


692.  Of  planetary  orbits^  694.  li- 
bration  of,  694.  Motion  in  orbits 
very  near  to  circles,  696.  In  exoeoip 
trie  orbits,  697... 

Areasj  Kepler's  law  of,  490. 

Argdandety  his  researches  on  variable 
stars,  820...,  on  sun's  proper  motion, 
854. 

Argoy  nebula  in,  887.  Irregular  star  * 
in  constellation,  830. 

Ascennon^  right,  106.  (See  Right  asoen- 
sion.> 

AtUroide,  their  existence  suspected  pre- 
vious to  their  discovery,  505.  Ap- 
pearance in  telescopes,  525.  Gravity 
on  surfftce  of,  525.  Elements,  Appen- 
dix, Synoptic  Table. 

AatrtBo,  discovery  o!^  506. 

Aatrometer,  788,  784. 

Astronomy.  E^mology,  11.  General 
notions,  11. 

Atmotphere,  constitution  of,  88...  Possi- 
ble limit  of,  86.  Its  waves,  87.  Strata, 
87.  Causes  refraction,  88.  Twi- 
light, 44.  Total  mass  of,  148.  Of 
Jupiter,  518. 

AttraeHon  of  a  sphere,  446  460.  (At 
Gravitation.) 

Augmentation  of  moon's  apparent  dia- 
meter, 404. 

Auyuetusy  his  refonnatioa  ef  mistakes 
in  the  Julian  ealendar,  (919).  Era 
of,  926. 

Auetraiia,  excessive  summer  tempera- 
ture of,  869. 

Axis  of  the  earth,  82.  Rotation  perma- 
nent, 56.  .Mfgor  of  the  earth's  orbit, 
878.     Of  sun's  rotation,  892. 

Axie  of  a  planetary  orbit.  Momentary 
variation  of,  caused  by  the  tangenti^ 
force  only,  658.  660.  Its  variations 
periodical,  661...  Invariability  of, 
and  how  understood,  668. 

Atimutk,  108.— and  altitude  instrument, 

187. 

(549) 


Sannuttr,  nature  of  its  in^cktioti, 

Ch  In  c&lcolating  rerrMtion,  48.    In 
.        daMrmining  heights,  SST. 
I   JMli  or  Jnpilcr,  512.     Of  Saturn,  514. 
Bmitnbtrg^t   piinciple   of   caUimatioD, 

17(1. 
Scint.  Ills  TSBulta  reapecUng  tho  Bgure 

of  tbe  earth,  220.     l>tscoierg  porsllt 

of  81  Cygoj,  812. 
Bitla'n  oomet,  673... 

Made,  h'a  (eo  cilled)  law  af  planatari 
~  distances,  505.     Violated  is  the  ( 

of  Neptune.  507. 
Settia,  bis  prinoiplo  of  repetition,  1' 
BomaTd,   lua  Buepioion   of 

inflaenco  on  Ura&us,  760. 


Ctetor,  liis  reform  of  tlie  Roman  calen- 
dar, 917. 

^oiendar.Jnlima,  917.   Gregonan,  014... 

Camt  and  effeot,  439,  and  note. 

Cmin  of  the  eartL,  80.  Of  tho  aun,  4i>2. 
Of  grarity,  360.  ReTolution  about, 
452. 

OeanifugaX  fartA.  Etliptio  form  of  eartb 
produoed  bj,  224.  lllutrstcd,  •iiiit. 
Compared  vith  gr«Titf,  21S.  Of  a 
body  rov owing  on  the  earth's  aiirlaca, 
462. 

CtTti.  diftcorery  of,  60r5. 

Challti,  Prof.,  5013,  note. 

Charit,  cclcsliAl,  111.  Coastraction  of, 
291...     Bremiker'a,  60G,  nud  note. 

CMnue  records  oC  cometa,  674.  Of  ir- 
regular Btare,  8-31. 

Chroaomelcri,  how  used  for  dctermlDiog 
diSerencca  of  longitiido,  2o-5. 

Circif,  aro^e  and  anturutic,  04.  Verti- 
cal, IDO.  Hour,  lO'i.  Divided,  li;3, 
MoridiaD,  174.  Reflecting,  IbT,  Re- 
penting, HIM.     Galactic,  7U3. 

Cbpinrlra.  150. 

Clock,  161.  £rror  aod  rate  of,  hov 
fumid,  2.^)3. 

Clouds,  groatcat  height  of,  34.     Mngcl- 

Chi^tr'i  of  Bturs,  804...    Globular,  8U7. 

Irregular,  8(j9. 
CoUinialion,  line  of,  105. 


690.  Tails  of.  GG6...&Se.  G99.  Ei- 
trome  tenuity  of,  668.  Oenenl  de- 
scriplioD  of.  5G0.  MolioDS  of,  and 
deBcribed,  5CI...  Piirabolic,  664.  El 
lipUc.  507...  Hyperbolio,  564.  Di- 
men^ouB  of,  565.  Of  HoUey.  561... 
Of  CKsar,  573.  Of  Ellck^  578.  Of 
BielH.  5;0.  Of  Faye,  684.  Of  Lei- 
ell,  585.  Of  9«  Tioo,  SaC.  Of  Btm- 
aen,  587.  Of  Peters,  588.  Synopiil 
of  olementa  (Appendix).  Inereau  oF 
visible  dimeoaiona  in  receding  from 
the  sun,  571.  580.  Great,  of  1S43, 
689...  Its  supposed  identity  wilt 
many  others,  594...  Interest  altsolin] 
to  aubjeot,  697.  Cotnetat;  slatialiia, 
and  canolusiDDS  therefrom,  COl. 

CditmetuarahUity  (near)  of  mean  nrn- 
tiocB;  ofSatum'santeilites,  500.  OF 
Uranus  and  Neptune,  669,  wiil  nolt. 
Of  Jupiter  and  Saturn,  720.  Eanb 
and  VenuB,  726.     Effects  of,  719. 

Compaifation  et  diaturbsnces,  how  tt- 
fctted,  719.  725. 

CoatpTotioo  of  terrestrial  tpheroid,  221. 

Coi^gurationi,  inequalities  depending 
on,  G&o... 

Conjuaciioiu,  auperior  and  inferior,  473. 
PerlurbaUona  chiefly  produced  at.  7 13. 

Coiuaauitw  of  «tf«ot  when  foioe  is  u- 
wted,4«0. 

Conitdladom,  GO.  301,  How  broufbl 
into  view  by  change  of  latitude,  oJ. 
Rising  and  setting  of,  5S. 

Copermean  explanation  of  diurnal  mo- 
tioti,  7'i.  Of  apparent  motions  of  aun 
and  planets,  77. 

CoTftmii  of  nslronomical  obsenations, 
824...  s.     IJranographical  aunimarj', 


Upper  and   1 
la  of  dislurbini 


Cyclt.  of  conjunctif 
disturbed  plane  It 
Ciillippic.  ib.  Sol 
Of  indiotioua,  91 


D. 

Buy,  aolar,  luanr,  and  sidereal.  143. 
lUtio  of  sidereal  to  solar,  ao.5.  9tl9. 
911.  Uiilar  unetiual,  140.  Mean 
ditto  invariable.  <I08.  Civil  and  aatru- 
nomiuul,  147.     Intercalary,  !<1G. 

[Jw/!  eliipsi'd  belween  principal  chronu- 
logiciil  eras,  92li.  Rules  for  reckou- 
iug  betvoeu  given  dates,  927. 
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JkelmaHon^  105.     How  obtained,  205. 

Jkfinitioiu,  82... 

J^igrte  of  meridiwi,  how  measured,  210... 
Error  admissible  in,  215.  Leogth  of 
in  yarioos  latitudes,  216.  221. 

JHamtierM  •f  the  earth,  220,  221.  Of 
planets,  synopsis,  Appendix.  {See 
also  each  planet.) 

DUaiation  of  comets  in  receding  from 
the  sun,  678. 

JHtme^  54a 

Hues  of  stars,  816. 

JHstance  of  the  moon,  403.;  the  sun,  357.; 
fixed  stars,  807.  812... ;  polar,  105. 

DiMtrieU,  natural,  in  heavens,  302. 

DiMturbing  forces,  nature  of,  609...  Ge- 
neral estimation  of,  611.  Numerical 
Talues,  612.    UnresoWed  in  direction, 

614.  Resolution  of,  in  two  modes, 

615.  618.  Effects  of  each  resolved 
pordon,  616...  On  moon,  expressions 
of,  676.  Geomtrical  representations 
of,  676.  717. 

JHufTuU  motion  explained,  58.  Paral- 
lax, 839.     Rotation,  144. 

Dombie  refiraction,  202.  Image  micro- 
meter, a  new,  described,  203.  Comet, 
680.    NebulsB,  878. 

DcmbU  &ar8f  888...  Specimens  of  each 
class,  835.  Orbitual  motion  of,  839. 
Salgect  to  Newtonian  attraction,  843. 
Orbits  of   particular,   843.     Dimen- 

-  sions  of  these  orbits,  844.  848.  Co- 
loured, 851...  Apparent  periods  af- 
fected by  motion  of  light,  863. 

J)€ve,  hii  law  of  temperature,  370. 

E. 

Ewrih,  Its  motion  admissible,  15.  Sphe- 
rical form  of,  18.  22...  Optical  effect 
of  its  coryature,  25.  Diurnal  rotation 
of,  62.  Uniform,  56.  Permanence 
of  its  axis,  57.  Figure  spheroidal, 
210...  Dimensions  of,  220.  Elliptic 
figure  a  result  of  theory,  229.  Tem- 
perature of  surface,  how  maintained, 
866.  Appearance  as  seen  from  moon, 
436.  Velocity  in  its  orbit,  474.  Dis- 
turbance by  Venus,  726. 

iSrfipte«,411...  Solar,  420.  Lunar,  421... 
Annular,  425.  Periodic  return  of, 
426.  Number  possible  in  a  year,  420. 
Of  Jupiter's  satellites,  538.  Of  Sa- 
turn's, 649. 

ScHpHc^  805...  Its  plane  slowly  varia- 
bWt  806.     Cause  of  this  variatiou  ex- 


plained, 040.  Poles  of,  307.  Limits, 
solar,  412.     Lunar,  427. 

Egyptians,  ancient,  their  chronology,  912. 

Elements  of  a  planet's  orbit,  493.  Varia- 
tions of,  052...  Of  double  star  orbits, 
843.  Synoptic  table  of  planetary, 
&c.,  Appendix. 

Ellipse,  variable,  of  a  planet,  653.  Mo- 
mentary or  osculating,  654. 

Elliptic  motion  a  consequence  of  gravi- 
tation, 446.  Laws  of,  489...  Their 
theoretical  explanation,  491. 

ElUpticity  of  the  earth,  221. 

Elongation,  341.  Greatest,  of  Mercury 
and  Venus,  467. 

Enceladus,  548,  note. 

Encke,  comet  of,  576.  His  hypothesis 
of  the  resistance  of  the  ether,  577. 

Epoch,  one  of  the  elements  of  a  planet's 
orbit,  496.  Its  variation  not  inde- 
pendent, 730.  Variations  incident 
on,  731.  744. 

Equation  of  light,  335.  Of  the  centre, 
375.  Of  time,  379.  Lunar,  452. 
Annual,  of  the  moon,  738. 

Equator,  84. 

Equatorial,  185. 

Equilibrium,  figure  of,  in  a  rotating  body, 
224. 

Equinoctial,  97.     Time,  935. 

Equinox,  293.  303. 

Equinoxes,  precession  of,  312.  Its  ef- 
fects, 318.  In  what  consisting,  314... 
Its  physical  cause  explained,  042... 

Eras,  chronological  list  of,  920. 

Errors,  classification  of,  183.  Instru- 
mental, 185...  Their  detection,  140. 
Destruction  of  accidental  ones  by  tak- 
ing means,  137.  Of  clock,  how  ob- 
tained, 293. 

Establishment  of  a  port,  754. 

Ether,  resistance  of,  577. 

Evection  of  moon,  748. 

Excentridties,  stability  of  Lagrange's 
theorem  respecting,  701. 

Excentricity  of  earth's  orbit,  354.  How 
ascertained,  377.  Of  the  moon's,  405. 
Momentary  perturbation  of,  investi- 
gated, 070.  Application  to  lunar 
theory,  088.  Variations  of,  in  orbits 
nearly  circular,  090.  In  excentric 
orbits,  097.  Permanent  inequalities 
depending  on,  719. 

F. 

Faculce,  838. 

Faye,  comet  of,  584,  and  Appendix. 
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TtufHo^tm^  iodepeadent  of  excentrioity, 
theory  of,  702...     Dependent  on,  719. 
ItOetealatum,  916. 
/rM^  diMorery  of,  505. 
Jrwi|  nttocric,  888. 


J. 


/Mm  Ponod,  934.  I>ale,  980.  Re- 
tanMiiioB,9ia 

Jtmo,  disooTery  ot,  505. 

Jwfilm^p  pliynoal  ftppeanmce  and  de- 
■oription  of,  511.  Ellipticity  of,  512. 
Belts  of,  512.  OraTity  on  surface, 
60a.  8«tellite8of,510.  Seen  without 
wtdlitee,  548.  Reoommeoded  as  a 
photomotrio  standard,  788.  Elements 
ci,  fte.  ($M  Synoptie  Table,  Appen- 
dix.) 

Jujnter  and  Saium,  their  mutual  pertur- 
bations, 700,  720... 


K. 


JTofer,  his  mode  of  measuring  small  in- 
terrals  of  time,  150.  His  collimator, 
178. 

Kepler,  his  laws,  852,  487,  489.  Their 
physical  interpretation,  490... 


Lagging  of  tides,  758. 

LMgrangej  his  theorems  respecting  the 
stabiUty  of  the  planetary  system,  669, 
889,  701. 

Lt^plaee  accounts  for  the  secular  accele- 
ration of  the  moon,  740. 

Laatdl,  his  discovery  of  the  satellite  of 
Neptune,  524.  Of  an  eighth  satellite 
of  Saturn,  Appendix.  Re-discovers 
two  of  the  satellites  of  Uranus,  551. 

Itotiiude,  terrestrial,  88.  Parallels  of, 
89.  How  ascertained,  119,  129.  Rd- 
mer's  mode  of  obtaining,  248.  On  a 
spheroid,  247.  Celestial,  808.  Helio- 
eentrio,  how  calculated,  500.  Geo- 
centric, 508. 

Lmw§  of  nature  how  arrived  at,  189. 
Subordinate,  appear  first  in  form  of 
errors,  189.    Kepler's,  852,  487... 

Level,  spirit,  176.  Sea,  285.  Strata,  287. 

Leiferrier,  506,  507,  767. 

lexeii,  comet  of,  585. 

lAhraium  of  the  moon,-  435.  Of  apsides, 
694. 

Liffhtf  aberration  of,  831.    Velocity  of. 


831.  How  ascertained,  545.  Equa- 
tion of,  835.  Extinction  of,  in  tra- 
versing space,  798.  Distance  mea- 
sured by  its  motion,  802...  Of  certain 
stars  compared  wiUi  the  sun,  817... 
Effect  of  its  motion  in  altering  appa- 
rent period  of  a  double  star,  868. 
Zodiacal,  897. 

Local  time,  252. 

London,  centre  of  the  terrestrial  hemi- 
sphere, 284. 

Longitude,  terrestrial,  90.  How  deter- 
mined, 121,  251...  By  chrououiutors, 
255.  By  signals,  264.  By  electric 
telegraph,  262.  By  shooting  stars, 
265.  By  Jupiter's  satellites,  &c.,  266. 
By  lunar  observations,  267...  Celes- 
tial, 808.  Mean  and  true,  875.  He- 
liocentric, 500.  Geocentric,  608.  Of 
Jupiter's  satellites,  curious  relations 
of,  542. 

Lunation  (synodio  revolution  of  the 
moon),  its  duration,  418. 

M. 

Magettanie  clouds,  892... 

Magnitudes  of  stars,  780...  Common 
and  photometric  scales  of,  780...  and 
Appendix. 

Maps,  geographical,  construction  of,  273. 
OelestiiO,  290...     Of  the  moon,  487. 

Mare,  phases  of,  484.  Gravity  on  sur- 
face, 508.  Continents  and  seas  of, 
510.     Elements  (Appendix). 

Masses  of  planets  determined  by  their 
satellites,  582.  By  their  mutiuU  per- 
turbations, 757.  Of  Jupiter's  satel- 
lites, 758.    Of  the  moon,  759. 

Menstrual  equation,  528. 

Mercatoi^s  projections,  288. 

Mercury,  synodio  revolution  of,  472.  Ve- 
locity in  orbits,  474.  Stationary  points 
of,  47G.  Phases,  477.  Greatest  elon- 
gations, 482.  Transits  of,  483.  Heat 
received  from  sun,  508.  Physical  ap- 
pearance and  descriptiop,  509.  Ele- 
ments of  (Appendix). 

Meridian,  terrestrial,  85.  Celestial,  101. 
Line,  87,  190.  Circle,  174.  Mare, 
190.  Arc,  how  measured,  213.  Arcs, 
lengths  of,  in  various  latitudes,  216. 

Messier,  his  catalogue  of  nebuUe,  865. 

Met€ors,%m.  Periodical, 900...  Heights 
of,  904. 

Metis,  discovery  of,  505. 

Micrometers,  199. 
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PmaUaXj  70.  Geocentric  or  diamal, 
889.  Heliocentric,  841.  Horiiootal, 
86&  Of  the  moon,  404.  Of  the  bud, 
857, 479, 481.  Annual,  of  stars,  800. 
How  iBTestigated,  805...  Of  particu- 
lar Btm»  812,  818,  815.  Systematic, 
882. 

Pmk  of  Teneriffe,  82. 

iVwrfy/wn  clock,  89.  A  measure  of  gra- 
iri^,  285. 

Pemiibra^  420. 

Perigee  of  moon,  406. 

Pti^dia  and  excentricities,  theory  of, 
670... 

P^rikdkm^  868.  Longitude  of,  495. 
Passage,  496.  Heat  endured  by  co- 
mets in,  592. 

Pmbd^  Julian,  924.    Of  planets  (App.). 

Periodic  time  of  a  body  rcTolring  at  the 
earth's  surface,  442.  Of  planets,  how 
ascertained,  486.  Law  of,  48.  Of  a 
disturbed  planet  permanently  altered, 
784.. • 

Periodical  stars,  820...     List  of,  825. 

PertptcHvey  celestial,  114. 

Pertwbaiuma,  602... 

PeUtet  his  researches  on  parallax,  815. 

Phaeee  of  the  moon  explained,  416.  Of 
Meroniy  and  Venus,  4G5,  477.  Of 
superior  planets,  484. 

Photometric  scale  of  star  magnitudes,  780. 

Piaai  <Uscoyers  Ceres,  505. 

PigoUf  Tsriable  stars  discoTcred  by, 
824... 

ifsow,  mean  and  true,  874.  Geometric 
and  heliocentric,  871,  497. 

PImtHmy  nebul»,  876. 

^aneUf  456.  Zodiacal  and  ultra-zodia- 
oal,  457.  Apparent  motions,  459. 
Stations  and  retrogradations,  459. 
Reference  to  sun  as  their  centre,  462. 
Community  of  nature  with  the  earth, 
468.  Apparent  diameters  of,  464. 
Phases  of,  465.  Inferior  and  superior, 
467.  Transits  of  {tee  Transit)  Mo- 
tions explained,  468.  Distances,  how 
concluded,  471.  Periods,  how  found, 
472.  Synodical  revolution,  472.  Su- 
perior, their  stations  and  retrograda- 
tions, 485.  Magnitude  of  orbits,  how 
concluded,  485.  Elements  of,  495. 
(jSIm  Appendix  for  Synoptic  Table.) 
Bensities,  508.  Physical  peculiarities, 
Ac.,  509...    niustration  of  their  rela- 

.  tive  sizes  and  distances,  526. 

'Pkmiamourf  his  calculations  respecting 
the  double  comet  of  Biela,  588. 


PUiadet,  865.  Assigned  by  Mftdler  as 
the  central  point  of  the  sidereal  sys- 
tem, 861. 

Plumb'liney  direction  of,  23.  Use  of,  in 
observation,  175. 

Polar  distance,  105.  Point,  on  a  mural 
circle,  170,  172. 

PoUa,  83.     Of  ecliptic,  807. 

Pole-9tar,  59.  Useful  for  finding  the 
latitude,  171.  Not  always  the  same, 
818.  What,  at  epoch  of  the  building 
of  the  pyramids,  319. 

Pores  of  the  sun's  surface,  887. 

PontioTiy  angle  of,  204.     Micrometer,  ib. 

Precession  of  th e  equinoxes,  312.  In  what   / 
consisting,  814...    Effects,  813.    Phy- 
sical explanation,  642. 

Prcuepe,  Cancri,  866. 

Priming  and  lagging  of  tides,  763. 

Principle  of  areas,  490.  Of  forced  vibra- 
tions, 660.  Of  repetition,  198.  Of 
conservation  of  vis  viva,  663.  Of  col- 
limation,  178. 

Problem  of  three  bodies,  608. 

Problems  in  plane  astronomy,  127... 
809... 

Profeeiion  of  a  star  on  the  moon's  limb, 
414,  note* 

Projections  of  the  sphere,  280... 

Proper  motions  of  the  stars,  852.  Of  the 
sun,  863. 

Pyramids,  819. 

R. 

Radial  disturbing  force,  615... 

Radiation,  solar,  on  planets,  508.  On 
comets,  592. 

Rate  of  clock,  how  obtained,  298. 

Reading  off,  methods  of,  165. 

Reflexion,  observations  by,  178. 

Rffraetion,  88.  Astronomical  and  its 
effects,  89,  40.  Measure  of,  and  law 
of  variation,  43.  How  detected  by 
observation,  142.  Terrestrial,  44. 
How  best  investigated,  191. 

Repetition,  principle  of,  198. 

Resistance  of  ether,  577. 

Retrogradations  of  planets,  459.  Of 
nodes.     {See  Nodes.) 

Rhea,  648,  note. 

Right  ascension,  108.  How  determined, 
293. 

Rings  of  Saturn,  dimensions  of,  514. 
Phenomena,  of  their  disappearance, 
616...  Equilibrium  of,  618...  Mul- 
tiple, 521,  and  Appendix.    Appear- 
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Iktneepe,  164.  Its  application  to  astro- 
nomieal  instmments,  117. 

Vdueopie  nghtt^  inTention  of,  158,  note. 

Tm^piwturt  of  earth's  snrface  at  differ- 
«Bt  aeasons,  806.  In  Soath  Africa 
and  Anstralia,  869.    Of  the  son,  896. 

nOyt,  64a,  note. 

TkeodoUU^  192.  Its  ns^  in  snnrejing, 
276. 

Tkmtry  of  instnimental  errors,  141.  Of 
graTitation,  490...  Of  nebulous  sub- 
sidence and  sidereal  aggregation,  872. 

Met,  a  system  of  forced  oscillations, 
651.  Explained,  750...  Priming  and 
lagging  of,  758.  Periodical  inequali- 
ties o^  756.  Instances  of  Tery  high, 
756. 

1Im«,  sidereal,  110,  827,  911.  Local, 
129,  152.  Measures  angular  motion, 
149.  How  itself  measured,  150... 
Very  small  interrals  of,  150.  Equi- 
noctial, 257,  925...  Measures,  units, 
and  reckoning  of^  906... 

TUmn^  648,  note. 

fUiift,  Prof.,  his  law  of  planetary  dis- 
tances, 506,  note. 

Tnde  wnda,  289... 

IVaatd  mMlrumeni^  159... 

f^9nnU  of  stars,  152.  Of  planets  across 
the  son,  467.  Of  Venus,  479...  Mer- 
eory,  488.  Of  Jupiter's  satellites 
across  disc,  640.  Of  their  shadows, 
649. 

^mupmrmeif  of  space,  supposed  by  01- 
ben  impwfect,  798. 

IWnMMrtai  disturbing  force,  and  its 
•ffeets,  616... 

Tiptmomiirieal  surrey,  274. 

IWwiet,  98,  880. 

2MyJU;44. 


U. 


rMra  in  eclipses,  420.  Of  Jupiter,  588. 

Ur^tnographyt  111,  800. 

Urmmogf^kkal  corrections,  842...  Pro- 
blems, 127...  809... 

UronuM,  discoTcry  of,  505.  Heat  received 
from  sun  by,  508.     Physical  descrip- 


tion of,  523.  Satellites  ot,  561.  Per- 
turbations of  by  Neptune,  760...  Old 
obserrations  of,  760. 

V. 

VanUhing  point  of  parallel  lines,  116. 
Line  of  parallel  planes,  117. 

Variation  of  the  moon  explained,  705... 

VariatioTu  of  elements,  653.  Periodical 
and  secular,  655.  Incident  on  the 
epoch,  731. 

Velocity,  angular,  of  sun  not  uniform, 
350.  Linear,  of  sun  not  uniform,  351. 
Of  planets.  Mercury,  Venus,  and  Earth, 
474.  Of  light,  545.  Of  shooting 
stars,  899,  904. 

Venui,  synodic  revolution  of,  472.  Sta- 
tionary points,  476.  Velocity  of,  474. 
Phases,  477.  Points  of  greatest 
brightness,  478.  Transits  of,  479. 
Physical  description  and  appearance, 
509.  Inequality  in  earth's  motion 
produced  by,  726.  In  that  of  the 
moon,  743... 

Vernier,  97. 

Vertical,  prime,  102.    Circles,  100. 

Vuta,  discoTcry  of,  505. 

W. 

Weight  of  bodies  in  different  latitudes, 
322.  Of  a  body  on  the  moon,  508. 
On  the  sun,  450. 

Windt,  trade,  240... 

Y. 

Tear,  sidereal,  805.  Tropical,  888. 
Anomalistic,  884,  and  day  incommen- 
surable, 918.  Leap,  914.  Of  conci- 
sion, 917.  Beginning  ol^  in  England* 
changed,  982. 

Z. 

Zenith,  99.     Sector,  192. 

Zodiac,  305. 

Zodiacal  light,  899. 

Zonet  of  cUmate  and  latitude,  882. 


THE  END. 
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tribute  by  pronouncing  it  entitled  to  a  distinguished  place  on  the  shelves  of  every  scholar 
who  is  fortunate  enough  to  possess  it  —  Fraxer^s  Magaxin*. 

A  work  wnich  will  take  its  place  in  our  librarirs  as  one  of  the  most  brilliant  and 
valuable  contributions  to  the  literature  of  the  present  day.— J<4«n«wm. 

The  brilliant  success  of  this  work  in  England  is  by  no  mesne  greater. than  its  meri*s. 
It  is  certainly  the  most  brilliant  contribution  to  English  history  made  within  our  reeollec- 
tion ;  it  has  the  charm  and  freedom  of  Bic^raphy  combined  with  the  elaborate  and  care- 
ful comprehensiveness  of  History. — N.  Y.  Tribunt. 

BT  THE  8AMB  AUO^OR—TO  MATCH. 
LIVES"oF  THE 

CHIEF  JUSTICES  OF  ENGLAND, 

From  the  Norman  Gonqaest  to  the  Death  of  Lord  Uani^eld. 

In  two  very  neat  vole.,  crown  8vo.,  extra  cloth,  or  half  morocco. 

To  match  the  "LiTea  of  the  Ohancellora"  of  the  same  anthor. 

In  this  work  the  author  has  displayed  the  tame  patient  investigation  ofhisto- 
rical  facta,  depth  of  research,  and  quick  appreciation  of  character  which  have 
rendered  his  previous  volumes  so  deservedly  popular.  Though  the  *'  Lives  of 
the  Chancellors"  embrace  a  long  line  of  illustrious  personages  intimately  con- 
nected with  the  history  of  England,  they  leave  something  still  to  be  filled  up  to 
complete  the  picture,  and  it  is  this  that  the  author  has  attempted  in  the  present 
work.  The  vast  amount  of  curious  personal  details  concerning  the  eminent 
men  whose  biographies  it  contains,  the  lively  sketches  of  interesting  periods 
of  history,  and  the  graphic  and  vivid  style  of  the  author,  render  it  a  work  of 
great  attraction  for  the  student  of  history  and  the  general  reader* 

Although  the  period  of  history  embraced  by  these  volnoses  hsd  been  preriously  tra- 
versed by  tne  recent  work  of  the  noble  end  learned  author,  and  a  great  portion  of  iis 
most  exciting  incidents,  especially  those  of  a  constitutional  nature,  there  narrated,  yet 
in  ^*Ttae  Lives  of  the  Chief  Justices'*  there  is  a  fund  both  of  interesting  information  and 
valuable  matter,  which  renders  the  book  well  worthy  of  perusal  by  every  one  who 
desires  to  obtain  an  aequaintanee  with  the  constitutional  history  of  bis  eonntry,  or  as- 
pires to  the  rank  of  either  a  statesman  or  s  lawyer.  Frw  lawyers  of  Lord  CamphelPs 
emiiience  could  have  produced  such  a  work  as  he  has  put  forth.  None  but  lawyers  of 
his  experience  end  acquirements  could  have  compileo  a  work  combining  the  same  in- 
terest as  a  narration,  to  the  public  generally,  with  the  same  amoimt  of  practical  infor- 
mation for  professional  aspirauu  more  particolariy.— BrteMite. 
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HR'S  AKCIBHT  HISTOR7— (A  new  work,  now  ready.) 

ECTURES  ON  ANCIENT  HISTORY, 

ilorf  of  tbe  Asiallc  \alioaii,  ihe  Egypliaiu,  Grrtki;  MatedoBiaiu, 
and  CnrtfaaEiBiani. 
BY  B.  G.  NIEBUUR. 

ILATED  FROM  TBE  GeBHAH  EDITION  or  DR.  MARCUS  NIEBUIIR, 

BV  DR.  LEONHARD  SCHMtTZ,  K.  R  B.  E,, 
1  Addition,  and  CornelldM  from  fall  own  MSI.  iiot«. 

very  haaUiomt  lolumei,  crown  ocuvo,  e>ln  dath,  coDUintng  nfaout 
tiltrren  bURdnd  ptgei. 
Frnm  Ihi  Tranilaior'i  Prrfaet. 
tecliireion  AnciKnl  Hiilorjhero  preiBnIed  to  tha  Engliih  public,  em- 
i  hiMory  of  iha  aneienl  world,  wiih  ihe  eieeption  or  lh«t  of  Borne, 
he  lime  when  all  Ihe  other  Dntiona  ond  lUleiordsHieal  ■nliqnilj  were 
hjlhe  empire  of  Rome,  «nd  when  in  hiiler;  became,  in  poiol  of  ftcl, 
J  of  Ihe  world.     Hence  Ibe  preient  couree  of  Lecturei,  logether  with 
lie  Hulory  of  Rome,  form  a  complete  coune,  embracing  Ihe  whole  of 
i.tory.     ■  •  *  •     WcberecaichBgliropeo.M  ilwere.ofihe  working 
egl  mind  of  the  Hiitariio,  which  imparu  la  big  narrative  a  degree  of 
and  auggcBliveneBs  thai  richl j  compemale  for  a  more  calm  and  lobar 

ii(  profouDd  knowledge  of  all  polilical  and  Luman  affoiia,  derived  not 
1  boolia,  but  from  prnclical  life,  and  bi>  brilliant  powera  of  comhina- 
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NEW   AND   IMPROVED  EDITION. 

UY£S  OF  THE  QUEENS  OF  ENOLAND, 

FROM  THE  NORMAL  CON aUEST. 
WITH  ANECDOTES  OF  THEIR  COURTS. 

Now  flnt  pubUthdd  from  Offlolal  Booords,  and  other  Anthontic  Doenmonts,  Mvate 

am  woll  u  Fttblio. 

ircw  ssmoir,  with  ADDinoirt  and  oosssenoiif. 

BY  AGNES  STRICKLAND. 

In  six  Tolomefl^  crown  ocUvOf  extra  crunaon  cloth,  or  half  moroocoy  printed  on 

fine  paper  and  Urge  tjrp9» 
fUfgfitt  of  the  Dmodecimo  Ediiitm^  in  tweive  voiumee,  may  9tM  be  hadm 

A  valaable  contribution  to  historical  knowledge,  to  young  persons  especially.  It  con- 
tains a  mass  of  every  kind  of  historical  matter  of  interest,  which  industry  and  resonrce 
could  collect.  We  have  derived  moch  eatortainoMat  and  instruction  from  the  work. — 
Athenaum. 

The  execution  of  this  work  is  equal  to  the  conception.  Great  pains  )iave  been  taken 
to  make  it  both  interastiag  and  valaable.— >Ltffrary  ChuMU. 

A  charming  work— iuiror  interest,  at  onca  aerions  and  pJeasiaf>-*Jfaiimur  OuiiuiL 


THE  OOURT  AND  REIGN  OF  fUKSCl^  Tli£  FIRST,  KINO  OP  FRANCE.    By 

Miss  Pardoe^  anthorof  **I«ottis  XIV.**  Ac.    In  two  veiy  neat  volufBOSi  royal  ISoio., 
extra  cloth. 

WOMAN  IN  niANOE  IN  TilE  EfGHTBENTH  CENTURT.    By  Julia  Kavanagh, 
anthor  ef  **  Nathalie,**  ^  Madeline,**  Ae.  la  one  very  neat  volame,  royal  19mo. 


MEMOTRS  OP  AN  HUNGARIAN  LADT.    By  Theresa  Pnlszky.    With  an  Histo- 
rical Introduction,  by  Count  Francis  Puiszky.    In  one  vol.,  royal  i3mo.,  extra  doth. 


MIRABEAU;  a  Life  History.  In  Four  Books.  In  one  neat  vol.,  loyallSnio.,  extra  elodi 

HISTORY  OF  TEN  YEARS,  1830-1840,  OR  FRANCE  UNDER  LOUIS  PUIUPPE. 
By  Louis  Blanc.    In  two  handsome  volumes,  crown  8va,  extra  cloth. 

Perhaps  no  work  ever  predeced  a  greater  or  more  permanent  efleet  than  tibia.  To  itf 
influence,  direct  and  indirect,  may  in  agreat  nseasore  be  aUrib«led  the  OKHraflMats  which 
terminated  in  the  Revolution  of  February,  1848. 


HISTORY  OF  THE  FRENCH  REVOLUTION  OF  1780.   By  Loato  Blaoe.   Ucme 

volume,  crown  8vo.,  extra  cloih. 


PROFESSOR  RANKE'S  HISTORICAL  WORKS. 

HISTORY  OP  THE  POPES,  THEIR  CHURCH  AND  STATE,  IN  THE  1«TH  AND 
17TH  CENTURIES.    Complete  in  one  large  9vo.  Tolnme. 

HISTORY  OF  THE  TURKISH  AND  SPANISH  EMPIRES,  IN  THE  18TH  CEN- 
TURY, AND  BEGINNING  OF  THE  tTTIi.  Coa^lcie  m  one  eve.  fobiQie,  paper. 
Price  75  cents. 

HISnrORV  OF  THE  REFORMATION  IN  GRRM ANY.    Parts  ML  and  HL  Price  SL 


HISTORY  OF  THE  HUGUENOTS.  A  new  Edition,  conthioed  to  the  PreeentTime. 
Py  W.  9.  Browning*    In  one  octavo  voUune,  e^tra  ek»ih. 

HISTORY  OF  THE  JESUITS,  from  the  Fonndation  of  their  Soeietr  to  Its  Soppret- 
nion  by  Pope  Clement  X4  V.  Their  Missinnv  thrpqghentlhe  World;  tnair  Bdocational 
System  and  Literature ;  with  their  Revival  and  Present  Stale.  By  Andrew  Steinmetz, 
author  of  **  The  Novitiate,'*  **  ieanit  in  the  Family,**  ite.  In  two  handsooM  v«kimes, 
ciown  8vo.,  extra  cloth.  

WR  AX  ALL'S  HISTORICAL  MEMOIRS  OF  HIS  OWN  TIMES.  Jn  one  ocuvo 
volame,  extra  cloth. 

WRAXALL*6  POSTHUMOUS  MEMOOS  OF  HIS  OWN  TIMBa  In  one  octa- 
vo volume,  extra  cloth. 
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LIBRART  OF  ILLUSTRATED  SOBBlffTinO  WORKS. 

A  •eriet  of  beautifhily  printed  Toloine*  on  vtriont  brtnchei  of  ■cience,  by  the 
most  eminent  men  in  their  respective  department!.  The  whole  printed  in  the 
handsomest  atyle^  and  profasely  embellished  in  the  most  efficient  manner. 

fTT*  No  expense  has  been  or  will  be  spared  to  render  this  series  worthy  of  the  sapport 
of  ine  seientinc  public,  while  at  the  same  time  it  is  one  of  the  handsomest  specimens  of 
typographical  and  artistic  execution  which  have  appeared  in  this  eoontry. 

DB  I.  A  BBCHB'g  GBOI.OGT- ( Jvst  iMued.) 

THE  aEOLOGIOAL  OBSERVER. 

BY  Sm  HENRY  T.  DE  LA  BECHE,  C.  B.,  F.  R.  S., 

Director-General  of  the  Geological  Sanrey  of  Great  Britain,  kc 

In  one  very  large  and  handsome  octavo  Tolome. 

WITH  OVER  THREE  HUNDRED  WOOD-OUTS. 

We  have  here  presented  to  ns,  by  one  admirably  qualified  for  the  task,  the  most  com- 
plete compendium  of  the  science  or  geology  ever  produced,  in  which  the  diflbrent  facts 
which  fall  under  the  cognizance  of  this  branch  of  natural  science  are  arranged  under 
the  different  causes  by  which  ihey  are  produced.  From  the  style  in  which  the  subject 
is  treated,  the  work  is  calculated  not  only  for  the  use  of  the  professional  geologist  but 
for  that  of  the  uninitiated  reader,  who  will  find  in  it  much  curious  and  interesting  infor- 
mation on  the  changes  which  the  surface  of  our  globe  has  undergone,  and  the  history  of 
the  varions  striking  appearances  which  it  presents.  Voluminous  as  the  work  is.  It  is 
not  rendered  unreadable  from  its  bulk,  owing  to  the  judicious  subdivision  of  its  contents, 
and  the  copious  index  which  is  appended.p->/eAift  BulL 

Having  had  such  abundant  opportunities,  no  one  could  be  foiud  so  capable  of  direct- 
ing the  labors  of  the  young  geok^st,  or  to  aid  by  his  own  experience  the  stodirs  of  those ' 
who  may  not  have  been  able  to  range  so  extensively  over  the  earth's  surface.  We 
strongly  recommend  8ir  Henry  De  la  Beche*s  book  to  those  who  desire  to  know  what 
has  been  done,  and  to  learn  something  of  the  wide  examination  which  yet  lies  waiting 
for  the  industrious  observer.— Tht  AUunaum.  * 


KNAPP'S  CHEMICAL  TECHNOLOQY. 

TECHNOLOGY;  or,  Chemhtbt  Apfuzd  to  thc  Arti  aitd  to  Manufactueis. 
By  Dm.  F.  Knapp,  Professor  at  the  University  of  Giessen.  Edited,  with  nu- 
merous Notes  and  Additions,  by  Dm.  EoinnrD  Rohalds,  and  Dm.  Thomas 
RicHAmoeoir.  First  American  Edition,  with  Notes  and  Additions  by  Prof. 
WALTxm  R.  JoRiraoN.  In  two  handsome  octavo  volumes,  printed  and  illos- 
trated  in  the  highest  style  of  art,  with  about  600  wood  engravings. 

The  style  of  excellence  in  which  the  first  volume  was  got  up  is  fully  preserved  in  this. 
The  treatises  themselves  are  admirable,  and  the  editing, both  by  the  English  and  Ameri- 
can editors,  judicious ;  so  that  the  work  maintains  itself  as  the  best  of  the  series  to  which 
it  belongs,  and  worthy  the  attention  of  all  interested  in  the  arts  of  which  it  treats.— 
Ftankltn  Jtutituu  Jcumat. 


WEISBACH'S   MECHANICS. 

PRINCIPLES  OF  THE  MECHANICS  OF  MACHINERY  AND  ENGINEER- 
ING.  By  Pmorasom  Julius  Wkisbach.  Translated  and  Edited  by  Pmor. 
GomDON,  of  Glasgow.  First  American  Edition,  with  Additions  by  Pmor.  Wal- 
TEm  R.  JoRRsoir.  In  two  octavo  volumes,  beantifoliy  printed,  with  900  illus- 
trations on  wood. 

The  most  valuable  contribution  to  praetieal  science  that  4as  yet  appeared  in  this 
country. — AthttuBum, 

Unequalled  by  anything  of  the  kind  yet  produced  in  this  country— the  roost  standard 
book  on  mechanics,  machinery,  and  engineering  now  extant.— JV.  r.  CommertimL 

In  every  way  worthy  of  being  reeomraeuded  to  our  readers.— FrmiplMs  JnttUutt 
Journal, 
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GRAKAMtl  OHBMIITBY,  HEW  BDITIOV.    Part  X.— (Vow  Ready.) 

ELEMENTS  oV  CHEMISTRY; 

INCLUDING  THE  APPLICATIONS  OF  THE  SCIENCE  IN  THE  ARTS. 

BY  THOMAS  GRAHAM,  F.  J\.  S.,  Slc, 

ProfeMOr  of  Chenistry  ia  Uaivenity  CoUege,  London,  kc. 

Second  Amorican,  firom  an.  entirely  Revised  and  greatly  Enlarged  Englieh  Edition. 

WITH  NUMEROUS  WOOD  ENGRAVINGS. 

Eomo,  vriTH  Hww»^  wr  ROBERT  BRIDGES.  M.D., 

Profesior  of  Chemittry  in  the  Philadelphia  College  of  Phermecy,  kc. 

To  be  completed  in  Two  Parts,  formiag  one  very  large  octavo  Tolame. 

PART  I,  now  ready,  of  430  large  pagea,  with  186  eDgraTtogi. 
PART  II,  preparing  for  early  publication. 

From  the  MdilorU  Ptrface, 

The  «  Elements  of  Chemistry,**  of  which  a  second  edition  ia  now  presented, 
attsined,  on  its  first  aopearancey  aa  isMnediate  and  deserved  reputation.  The 
copious  selection  of  facts  from  all  reliable  sources,  and  their  judicious  arrange- 
ment, render  it  a  safe  guide  for  the  beginner,  while  the  clear  exposition  of  the- 
oretical points,  and  frequent  reAweneee  to  apeeial  treatises,  mai^  it  t  valuable 
assistant  for  the  more  advanced  student. 

From  this  high  character  the  present  edition  will  in  no  way  detract.  The 
great  changea  which  the  science  of  Chemistry  has  nndergone  doriag  the  interval 
have  rendered  necessary  a  complete  revision  of  the  work,  and  this  haa  been 
most  thoroughly  accomplished  by  the  author.  Many  portions  will  therefbre  be 
found  essentially  altered,  thereby  increasing  greatly  the  aise  of  the  work,  while 
the  series  of  illustratioaa  haa  been  entirely  ebaaged  in  style,  and  nearly  doubled 
in  number. 

Under  these  circumstances  but  little  has  been  left  (br  the  editor.  Owing, 
however,  to  the  appearance  of  the  London  edition  in  parts,  some  years  have 
elapsed  since  the  first  portions  were  publiahed,  and  he  ms  therefore  found  oc 
casioB  to  introduce  the  more  recent  investigationa  and  diaeoveriea  in  some  eub- 
jects,  as  well  as  to  correct  such  inaccuraeiea  or  Misprints  as  had  escaped  the 
author's  attention,  end  to  make  a  few  additional  referencea. 

INTRODUCTION  TO  PRACTICAL  CHEMISTRY,  including  Aual^raia.  By 
John  R.  Bowman,  M.  D.  In  one  neat  royal  13mo.  volome,  extra  eioih,  wilii  namer* 
COS  illustrations.  

DANA  ON  CORALS. 
ZOOPHYTES  AND  CORALS.    By  James  D.  Dana.    In  one  volimc  imperial 

quarto,  extra  cloth,  with  wood>euts. 
Also,  an  Atlan  lo  the  above,  one  volaroe  imperial  folio,  with  sixty-one  magnifteent 

plates,  colored  after  nature.    Bound  in  half  morocco. 

Thrse  ipkndid  volumes  form  a  portion  ofihe  pubiicatlontof  the  United  States  Explor- 
ing Kxpedition.  As  but  very  few  copies  have  been  prepared  for  sale,  and  as  tnese 
are  nearly  exbaa»l«:d,  all  who  are  detiroos  of  enriching  iheiv  libraries  with  this,  the  most 
creditable  specimen  of  American  Art  and  Science  as  yet  issued,  will  do  well  to  procure 
copies  at  once. 

THE  ETHNOGRAPHY  AND  PHILOLOGY  OF  THE  UNITED  STATES  EX- 
F1X)RING  EXPEDITION.  By  Horatio  Hale.  In  one  large  imperial  qoarU) volume, 
beauiifttlly  printed,  and  strongly  bound  in  extra  cloth. 

BARON  HUMBOLDT'S   LAST  WORK. 

ASPECTS  OF  NATURE  IN  DIFFERENT  LANDS  AND  DIFFERENT 
CIJMATR8  With  Sciemiflc  Elncidations.  By  Alexander  Von  Humboldt  Trans- 
lated by  Mrs.  Sabine.  Second  Ameriean  edition.  In  one  handsome  volume,  large 
royal  12mo.,  extra  cloth- 

CHEMISTRY  OF  THE  FOUR  SEASONS,  Spmho,  Sumheh,  Aittuhn,  avd 
WixTia  By  Thomas  Griffith.  In  one  handsome  volume,  royal  Iflmo, extra cloih, 
with  numeroiu  illustrations. 
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A  IfSW  TEXT-BOOK  OH  NATDBAL  PSILOSOPBT, 

HANDBOOKS 

ITURAL  PHILOSOPHY  AND  ASTRONOMY. 

BY  DIONYSIUS  LARDNER,  LL.D.,  ETC. 

FIRST  COUR8K,  oontalnlnK 

ic),  HydroslaUci,  Hydraolict,  PacDmstici,  Sound,  and  OptitL 

;e  lojral  12ino.  »olnnie  of  750  p»get,  itfongly  bound  in  lealher,  with 
THK  BBCOHD  COUBSE,  Bubraolng 

EEiT,  IHACSETIMI,  ELECTRICITY,  ASD  GilTiNISH. 

ahoul  -IDO  pigei,  Bnd  illuslniled  wilh  350  cull,  i>  juil  ready. 

THE  THIRD  CODRSBI,  consIltotlnK 
COMPLETE   TREATISE   ON    ASTRONOMY 

iiioR  o(  Uit  auihor  hu  been  id  prepmn  ■  work  whicEi  ihoald  inibnee  ihe 
r Nnmr.!  Phllowphy,  in  Iheir  :aic«  IHU  of  KisniiEc  denlDpnitnl.  dimttil 
jumcHwliicli  randitn  Ihrn  lUltMd  lor  i)i«  jFooninr  111149111,  uMuibE  Hme 

,  iljDugli  >i richly  at ienUfic  in  lUfroundwoik,  it  rn  »<lly  mol'red  hy  Uis 
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NEW  AND  IMPROVED  EDITION.— (Now  Ready.) 

OUTLINES    oi^ASTRONOMY. 

BY-SIR  JOHN  F.  W.  HEESCHEL,  F.  R.  S.,  &c. 

A  HEW  AHEmiCAH  rmOM  THE  FOUHTU  LONDON  KDZTION. 

In  one  very  neat  crown  ocUto  Tolame,  extra  cloth,  with  six  plates  and  na- 

merout  wood-cats. 

This  edition  will  be  foand  thoroughly  brought  up  to  the  present  state  of  ss- 
tronomical  science,  with  the  most  recent  investigations  and  discoveries  fuUj 
discussed  and  explained. 

We  now  take  leare  of  this  remarkable  work,  vriiieh  we  hold  to  be,  beyond  a  doubt, 
the  greatest  and  most  remarkable  of  the  works  in  which  the  laws  of  astronomy  and  ibe 
appearance  of  the  heavens  are  described  to  those  who  are  not  mathematicians  nor  ob- 
servers,  and  reealled  to  those  who  are.  It  is  the  reward  of  men  who  can  descend  from 
the  advancement  of  knowledge  lo  care  for  iu  diffusion,  that  their  works  are  essential 
to  all,  that  they  become  the  manuals  of  the  proficient  as  well  as  the  text'books  of  the 
learner.— iiM«n«wm. 

There  is  perhaps  no  book  in  the  English  laniruage  on  the  subject,  which,  whilst  it  con- 
tains so  many  of  the  facu  of  Astronomy  (which  it  attempt*  to  explsin  with  as  little  tech- 
nical language  an  possible),  is  so  attractive  in  its  style,  and  so  clear  and  forcible  in  its 
illastrations.— Svan^ieai  RtvUio. 

Probably  no  book  ever  written  upon  any  science,  embraces  within  so  small  a  compass 
an  entire  epitome  of  everything  known  within  all  its  various  departmenu,  practical, 
theoretical,  and  physical.— .fizomttMr. 


A  TREATISE  ON  A8TRONOBC7. 

BY  SIR  JOHN  F.  W.  HERSCHEL.    Edited  by  S.C.  Walkem.    In  one  12mo. 
volume,  hair  bound,  with  plates  and  wood-cots. 


A   TREATISE    ON   OPTICS. 

BY  SIR  DAVID  BREWSTER,  LL.  D.,  F.  R.  S.,  &c. 

A  NEW  EDITION. 

WITH  AN  APPKITDIX,  CONTAIiriirO   AN  KLEMBHTART  VIEW  OF  THE  APPLICATION 
or  AHALTSU  TO  REPLECTIOir  AND  BBFRACTION. 

BT  A.  D.  BACHE,  Superintendent  U.  8.  Coast  Survey,  &c. 
In  one  neat  duodecimo  volume,  half  bound,  with  about  SOO  illustrations. 


BOLMAR'S  FREIVCH  SERIES. 

New  editions  of  the  following  works,  by  A.  Bolmae,  forming,  in  connection 
with  <<  Bol mar's  Levisac,"  a  complete  seriea  for  the  acquisition  of  the  French 
language : — 

A  SELECTION  OF  ONE  HUNDRED  PERRIN'S  FABLES,  accompanied  by 
a  Key,  coniaininir  the  texu  a  literal  and  tree  translation,  arranc ed  iu  such  a  manner  ss 
to  point  out  the  diflWreiice  between  the  French  and  &iglish  idiom,  dte.  In  one  vol.  ISmo. 

A  COLLECTION  OF  COLLOQUIAL  PHRASES,  on  every  topic  necesssry  to 
maintain  conversation.  Arranged  under  different  heads,  with  numerous  remarks  on 
tiie  peculiar  pronunciation  and  uses  of  variou*  words ;  the  whole  so  dinponed  as  con- 
siderably to  facilitate  the  acqui«ition  of  a  correct  pronunciation  of  the  French.  In 
one  vol.  l8mo 

LES  AVENTURES  DE  TELEMAQUE,  PAR  FENELON,  in  one  vol.  ]2mo., 
sccompanied  by  a  Key  to  the  first  eight  books.  In  one  vol.  ISoiOm  containing,  like  the 
Fabler  the  Text,  a  literal  and  free  translation,  intended  as  a  sequel  lo  the  Fables. 
Either  volume  sold  separately. 

ALL  THE  FRENCH  VERBS,  both  regular  and  irregular^in  a  small  volume. 
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PHTSIOAL   GBOGRAPHT. 

BY  MARY  SOMERVILLE. 

SECOND  AMKBICAN   FROM  THI  SXCOKD  AND  RSTISKD  LONDON  XDITION. 

WITH  AMERICAN  NOTES,  0L066ART,  ETC. 
In  ooe  seat  rojul  ISmo.  Tolume,  extra  cloth,  of  over  fite  hoodred  and  fidypmgee. 

The  greet  loeeeeeof  tbU  wotk,  and  ite  inlrodnetion  into  many  of  onr  hiffber  aeboola 
and  aeademiet,  have  induced  the  publishers  lo  prepare  a  new  and 'ranch  improved 
edition.  In  addition  to  the  correctioni  and  improvemenlt  of  the  author  bestowed  ott 
the  work  in  its  passa^  through  the  press  a  second  time  in  lH)ndon,  notes  have  been 
introdneed  to  adapt  ii  more  fully  to  the  phveical  ireofrraphy  of  tbie  eoniiiry ;  and  a 
eomprehenaive  gloesary  has  been  added,  rendering  the  volume  more  pariienlariy  suited 
to  edueational  purooeesu  The  amount  of  these  additions  may  be  understood  from  the 
factfthat  not  only  nas  the  size  of  the  pages  been  increated,  but  the  volume  itself  en- 
larged by  over  one  hundred  and  fifty  pages. 

Our  praise  eomea  lagging  in  the  rear,  aad  is  wellnigb  supeifiuona.  Bat  we  are 
anxious  to  recommend  to  our  youth  the  enlarged  method  of  s*iuiyiiig  geography  which 
her  present  work  demonstrates  to  be  as  captivating  as  it  is  insiructive.  We  hold 
such  presents  as  Mrs  Somerville  has  bestowed  upon  the  public,  to  be  of  incalculable 
▼alne,  diMeminating  more  sonnd  information  than  ail  the  litevary  and  scientific  instl> 
tu  lions  will  accomplish  in  a  whole  cyele  of  their  extsienee.— l^todnseocT  •  Jfagostne^ 

Fnm  Thomas  Skerwin^  High  Sehoolj  Boilon. 

I  hold  it  in  the  highest  estimation,  and  am  coiifi'ient  that  it  will  prove  a  very  efficient 
aid  in  the  ednealion  of  the  young,  and  a  searee  of  mach  interest  an<t  instruelion  to  the 
adult  reader. 

Fnm  Erattui  SttrUtj  High  Sekooi,  New  Orlmnt* 

I  have  examined  it  vrith  a  good  dealof  eare>aad  am  ilad  to  find  that  it  sappUes  an  im- 
portant desideratum.  The  whole  work  is  a  masterpiece.  Whether  we  examine  the 
importance  of  the  suMeei*  treated,  ov  tbo  elegaia  and  attraetiTe  st)ile  ia  which  they  are 
presented,  this  work  leaves  nothing  to  desire.  I  have  Introduced  it  into  my  sebool  for 
the  ute  of  an  advanced  clans  in  geography,  and  they  are  greatly  interested  in  it  I  have 
aa  donbi  that  ii  wiUbe  aoed  ia  moei  of  our  btgher  eettinuiee. 


From  W.  SmylA,  Otwtgo  Aemdemy. 

So  much  important,  aeeufrate,  and  general  infbramiion  I  have  never  seen  in  avohuna 
of  its  extent.  In  fine,  I  believe  it  to  be  a  work  whioo  will  soon  take  a  high  place  in  the 
academies  and  colleges  of  America,  as  well  an  in  the  libraries  of  every  individual  de* 
airoos  of  accurate  inlbrnMnion  respeeting  the  planet  en  which  we  dweN.  1  have  reeon« 
mended  it  to  those  connectea  with  the  District  Sehoal  Libraries,  for  whieh  I  coaiider  it 
exceedingly  well  adapted. 


JOHNSTOirS  FHT8ICAL  ATLAS. 

THE    PHYsioAL   ATLAS 

OF  NATURAL  PHENOMENA. 

FOR  THE  USE  OF  COLLEGES,  ACADEMIES,  AND  FAMILIES. 

BY  ALEXANDER  KEITH  JOHNSTON,  F.  R.  O.  S.,  F.  G.  8. 

In  ooe  large  volume,  imperial  quarto,  handsomely  and  atrongly  bound.    With 

twenty-six  plates,  engraved  and  colored  in  the  beft  atyle.    Tagetber 

with  one  hundred  and  twelve  pagea  of  Descriptive  Letter-presa, 

and  a  very  copioua  Index. 

A  work  which  should  be  in  every  family  and  every  school-room,  for  consultation  and 
reference.  By  the  ingenious  arrangement  adopted  by  the  author,  it  makes  clear  to  the 
eye  every  fact  and  observation  relative  to  the  prefM>nt  condition  of  the  earth,  arranged 
under  the  deparimenis  of  Geolog>'.  Hydrography.  Meteorology,  and  Naieraf  History. 
The  letterpress  illustrates  tbi«  with  a  body  of  important  information,  nowhere  else  to 
b»  found  eondensed  into  the  same  space,  while  a  very  full  Index  renders  the  whole 
easy  of  referenee. 
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SCHMITZ  AND  ZUMPT*8  CLASSICAL  &£iU£S— ConUfiMtf. 

III. 

ELEMENTARY  GRAMMAR  AND  EXERCISES.  BtDb.  Lsonhamd  ScHHirz, 
F.  R.  S.  E.,  Rector  of  the  High  School,  Edinbnrgh,  &c.  lo  one  htndiome 
royal  18mo.  volume  of  246  pagei,  extra  cloth,  price  60  cents.  (Juat  Issued.) 

PREPARING    FOR   SPEEDY    PUBLICATION. 
LATIN  READING  AND  EXERCISE  BOOK,  1  yoI.,  rojal  ISmo. 
A  SCHOOL  CLASSICAL  DICTIONARY,  1  vol.,  rojal  ISmo. 
CORNELIUS  NEPOS,  with  Introduction,  Notea,  &c.,  1  vol.,  royal  ISmo. 

It  will  thus  be  seen  that  thia  series  is  now  very  nearly  complete,  embracing 
eight  prominent  Latin  authors,  and  requiring  but  two  more  elementary  works 
to  render  it  sufficient  in  itself  for  a  thorough  course  of  atudy,  and  theae  latter 
are  now  preparing  for  early  publication.  During  the  auccessiTe  appearance  of 
the  volumea,  the  plan  and  execution  of  the  whole  have  been  received  with 
marked  approbation,  and  the  fact  that  it  auppliea  a  want  not  hitherto  provided 
for,  ia  evinced  by  the  adoption  of  these  works  in  a  very  large  number  of  the 
best  academiea  and  aeminariea  throughout  the  country.  From  among  aeveral 
hundred  teatimoniala  with  which  they  have  been  favored,  and  which  they  are 
every  day  receiving,  the  publishers  submit  a  few  of  the  more  recent. 

But  we  cannot  ibrbear  commending  etpeeially  both  to  instruetors  and  pupils  the 
whole  of  the  series,  edited  by  those  accomplished  scholars,  Drt.  Schmitz  and  Zumpt. 
Here  will  be  found  a  set  of  text-books  that  eorabine  the  excellences  so  long  desired 
ill  this  class  of  works.  They  will  not  cost  ihe  student,  by  one  half  at  least,  that  which 
he  must  expend  for  some  other  editions.  And  who  will  not  say  that  this  is  a  consider- 
ation worthy  of  attention  ?  For  the  cheaper  our  sehooNbooks  can  be  made,  the  more 
widely  will  they  be  circulated  and  need.  Here  you  will  find,  too,  ne  useless  display  of 
notes  and  of  learning,  but  in  foot- notes  on  each  page  you  have  everything  necessary  to 
the  undersianding  of  the  text.  The  difficult  points  are  sometimes  elucidated,  and  often 
is  the  student  referred  to  the  places  where  he  can  find  licht,  but  not  without  some  eflbrt 
of  his  own.  We  think  that  the  punctuation  in  these  books  might  be  improved;  bat 
taken  as  a  whole,  they  eome  nearer  to  the  wants  of  the  times  than  any  within  oar  know* 
ledge. — Scuthem  CoiUgt  Revitw, 

From  W.  J.  Be^t^  Wrtnthmn^  Mau.y  March  29, 18S2. 

They  seem  lo  me  the  best  and  the  cheaptu  school  editions  of  the  classics  that  I  have 
yet  seen.  The  notes  are  all  that  a  teacher  could,  and  all  that  a  student  should  desire. 
On  classical  history  and  antiquities  I  think  them  particularly  rich,  and  the  maps  add 
very  much  to  the  merit  of  the  books.  Kaltsehmiai*s  Dictionary  I  adopted  as  a  matter 
of  course.  It  is  so  much  superior  to  all  the  other  school  dictionaries  thai  oo  one  who 
has  examined  it  can  hesitate  to  recommend  it. 

From  Pruf.  R.  N.  Niwell,  Masonic  ColUgty  Tenn.^  June  2, 1868. 

I  can  give  yon  no  better  proof  of  the  value  which  I  set  on  them  than  by  making  nse 
of  them  in  my  own  classes,  and  recommending  their  use  in  the  preparatory  department 
of  our  institution.  I  have  read  them  through  carefully  that  1  might  not  speak  of  them 
wiibouidue  examination,  and  I  flatter  myself  that  my  opinion  is  ^lly  borne  out  by  fact, 
when  i  pronounce  them  to  be  the  roost  usrfal  and  the  most  correct,  as  well  as  the  cheap- 
est  editions  of  Latin  Classics  ever  introduced  in  this  country.  The  Latin  and  Baglisk 
Dictionary  contains  as  much  as  the  student  can  want  in  the  earlier  years  of  his  course; 
it  contains  more  than  I  have  ever  seen  compressed  into  a  book  of  this  kind.  It  ought  to 
be  the  siudent^s  constant  companion  in  his  recitations.  It  has  the  extraordinary  recom- 
meadaiion  of  being  at  ones  portable  and  comprehensive. 

From  Pr^.  D.  Dutuart^  Randolph  Maeon  ColUgCj  Fe.,  May  S9, 18SS. 

It  is  unnecessary  for  me  to  say  anything  respecting  the  text  of  Sehmitz  and  Zumpfa 
series.  The  very  names  of  the  editors  are  a  sufficient  gusrantee  of  their  purity.  The 
beauty  of  the  typography,  and  the  Judicious  selection  of  notes  will  insure  their  ase  by 
every  experienced  teacher,  whilst  Uieir  cheapness  and  convenient  size  will  be  a  sure 
reoommendation  to  every  parent.  I  think,  aentlemea  that  by  the  republication  of  this 
excellent  series  you  hsve  laid  the  public  under  strong  obligations  lo  you.  We  will  use 
them  as  far  aa  they  come  into  our  course,  and  I  will  recommend  them  to  oar  numeroua 
preparatory  schools.  From  Ihe  merits  above  mentioiied.  they  are  destined, in  my  opiaioii, 
to  supersede  most  of  the  editions  now  in  use  in  oar  schools. 


A  HISTORY  OF  fifiEEK  CUSSICAL  LITERATURE. 

BY  THE  EEV.  R.  W.  BROWNE,  M.  A., 

PiofeMor  of  ClftMieal  Literature  in  King'e  College,  London. 

In  one  Ttry  neat  Tolame,  crown  8yo.,  extra  cloth. 

To  be  shortly  followed  by  a  similar  volume  on  Roman  Literature. 

Fnm  Prqf,  J,  A,  Sptmttr^  JUw  York,  Mareh  10, 1852. 

It  it  an  admirable  Tolame,  sufficiently  full  and  copious  in  detail,  clear  and  precise  in 
style,  very  scholar-like  in  its  execution^  gonial  in  its  critieisin,  and  altogether  display- 
ing a  mind  well  stored  with  llie  learning  genius,  wisdom,  and  exquitfite  taste  of  the 
ancient  Greeks.  It  is  in  advance  of  everything  we  have,  and  it  may  be  considered 
Udispensable  to  the  eiassical  soliolar  and  student. 

From  Pr^,  N,  H,  Griffin,  WtUiamM  CoUdge,  Mass^  March  28, 18SS. 

A  valoiUile  eompead,  embraeing  in  a  small  oompass  matter  which  the  student  would 
have  to  go  over  much  ground  lo  gather  for  himself. 

From  Prqf.  M.  F.  Hydt,  Burlmgmn  ColUgt,  N.  Jl,  Feb.  10,  leSS. 

This  book  meets  a  want  that  has  long  been  felt  of  tome  single  work  on  the  subject 
presenting  to  tha  student  aod  general  reader,  in  a  popular  ibrm,  information  widely  dis- 
persed througli  a  great  variety  of  publications,  and  nowbere  eombmed  ioio  one  whole. 
Mr.  Browne's  selection  of  materials  is  Judiciously  made,  and  presented  in  a  perspicu- 
ous, elegant,  and  agreeable  manner. 


JPVom  Pr^.  Gt$$tur  Horrissn,  ITntMrnlg  ^  Fa.,  Feb.  38, 1SS9. 

I  am  very  favorably  impressed  with  the  work  fraas  what  I  have  seen  of  it,  and  b<H>o 
to  f  nd  in  it  an  io^>onnnt  help  for  my  class  of  history.    Sueh  a  work  ia  very  much  needed. 

In  this  field,  following  the  successful  assiduity  of  others,  Mr.  Browne  enters  with  the 
relish  of  an  amateur  and  iha  aklll  of  a  connoisseur,  profiting  by  the  labors  of  his  prede- 
cessors, and  bringing  the  leaied  results  inio  ihe  compass  <m  a  most  valuable  book ;  ona 
very  much  to  our  taste,  giving  a  sniisfoctory  account  of  the  language,  the  authors,  the 
works  which,  while  Greece  herself  has  passed  away,  render  her  name  immortal.  The 
history  is  divided  into  two  periods ;  the  first  extends  from  the  infancy  of  its  literature  to 
the  time  of  the  PisistratidsB ;  the  other  eommenoes  with  Siroonides.  and  ends  with  Aria- 
lotie.  We  commend  our  author  lo  the  favorable  regard  of  profesaors  and  teachers.— 
Mtthoditt  QuMitrlif  JImsie,  Soutk, 

Mr.  Browne's  present  publication  hns  great  merit.  His  selection  of  materials  ia  Judi- 
ciously adapted  to  the  purpose  of  conveying  within  a  moderate  compass  some  definite 
idea  of  the  leading  characteristics  of  the  great  classical  antlwrs  and  their  works.  •  •  •  • 
Mr.  Browne  has  the  happy  art  of  conveying  infoimaiion  in  a  most  arreeable  manner. 
Ii  is  impossible  to  miss  his  meaning,  or  be  insensible  to  the  charms  of  his  polished  style. 
Suffice  it  to  say,  that  he  has,  in  a  very  readable  volume, presented  much  that  is  useful  to 
the  classieal  reader.  Besides  biographical  information  in  reference  to  all  the  classical 
Greek  authors,  he  has  furnished  critical  remarks  on  their  intelleciual  peeuKarittes.  and 
an  analysis  of  their  works  when  they  are  of  sufficient  importance  lo  deserve  it.—LoHdon 
Athen^Bum. 

This  book  will  be  of  great  value  lo  the  student.— XxamitMr. 


QEOQRAPHIA   CLASSICAt 

OR,  THE  APPLICATION  OP  ANCIENT  GEOGRAPHY  TO  THE  CLASSICS. 
By  Samuxl  BuTLsm,  D.  D.,  late  Lord  Bishop  of  Litchfield.  Revised  by  his  Son.  Sixth 
American,  from  the  last  London  Edition,  with  Questions  on  the  Maps,  by  John  FBoaii 
LL.  D.    In  one  neat  volume,  loyal  ISmo.,  half  bound. 


AN   ATLAS   OF   ANCIENT   QEOQRAPHY. 

Bv  Samuel  BirrLn,  D.  D.,  late  Lord  Bishop  of  Litchfield.    In  one  octavo  volume,  half 
booad,  eoataiiiiof  tweatyH>oe  ^ano  eolored  Miq^  aad  an  aacenioaiad  ladox. 


ELEMENTS  OF   UNIVERSAL   HISTORY. 

On  a  new  plan ;  flrom  the  Creation  of  the  WorM  to  the  Oengreaa  of  Vienna,  with  a 
Summary  of  the  Leading  Events  ainca  liMt  lima.    By  H  Whitb.    Edited,  with  a 
Series  of  Questions,  by  John  S   Hakt,  Principal  of  the  Philadelphia  High  School 
In  one  very  large  royal  itmo.  folooM,  half  bound. 


